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FOREWORD 

The Mars Science Advisory Committee w a s  e s t a b l i s h e d  i n  September 1972 by 

the Planetary Prngrams Office, NASA Headquarters, Washington. D. C. The 

Committee served t o  adv i se  NASA on t h e  continued exp lo ra t ion  of t h e  atmos- 

phere ,  s u r f a c e ,  and i n t e r i o r  of Mars, and t h e  search  f o r  evidence of l i f e ,  

fo l lowing  t h e  Viking 1975 mission. 

h e l d  between September 1972 and June 1973, t h e  Committee developed s c i e n t i f i c  

o b j e c t i v e s  f o r  t he  cont inued explora t ion  of Mars and reviewed c u r r e n t  and 

expected knowledge about  t h e  planet .  Following examination of engineer ing  

a s p e c t s  of va r ious  mission options and review of on-going advanced i n s t r u -  

During t h e  course of several meetings 

mentat ion development programs, the Committee de'fined a s t r a t e g y  f o r  explora- 

t i o n  of Mars from 1977 and beyond. Although s p e c i f i c  instruments and experi-  

ments f o r  f u t u r e  missions w e r e  discussed, i t  was not t h e  purpose of t h i s  

Cormnittee t o  propose s p e c i f i c  payloads. In s t ead ,  emphasis w a s  placed on 

miss ion  type .  This f i n a l  r e p o r t  summarizes the  Coxnuittee's d e l i b e r a t i o n s  

and seats f o r t h  a set of recommendations f o r  use by NASA i n  planning f u t u r e  

p l a u e t a r y  missions t o  Mars. 
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RECOMMENDATIONS AND CONCLUSIONS 

1. S c i e n t i f i c  exp lo ra t ion  of Mars a f t e r  Viking '75 should cont inue  

t o  have h igh  p r i o r i t y  i n  the NASA p lane ta ry  program. 

2.  The next mission following Viking '75 should be  planned so as 

t o  be responsive t o  t h e  data re turned  from Viking '75. 

3. The missions of g r e a t e s t  s c i e n t i f i c  va lue  are: 

a. Viking lander  and o r b i t e r  i n  1979, n e c e s s a r i l y  wi th  improved 

geoscience, b io log ica l  sc ience ,  and o r b i t e r  sc ience .  Some 

rover  c a p a b i l i t y  would be  d e s i r a b l e .  This i s  c o n s i s t e n t  

wi th  t h e  75  kg extra launch weight a v a i l a b l e  i n  t h e  1979 

opportunity.  

Return t o  e a r t h  of a su r face  sample of Mars (1981 launch, b. 

1984 r e t u r n ) .  

4. Only one of t h e s e  missions can be flown i n  1979-81, so as n o t  

t o  unbalance t h e  p lane tary  program. 

W e  recognize a number of problems a s soc ia t ed  wi th  t h e  sample  

r e t u r n  mission: 

a. High and unce r t a in  cost  ($600 M ? ) .  

b. 

5 .  

Need f o r  development of  new technology.- 

c. Poss ib l e  hazards  of back contamination. 

During FY 74, i n t e n s i v e  e f f o r t s  should be  c a r r i e d  ou t  i n  order to :  

a. 

b. 

6. 

decide  whether a 1981 sample r e t u r n  miss ion  should be reques ted .  

f d e n t i f y  those  instruments which r e q u i r e  development i n  order  
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8. 

8. 

10. 

t o  maximize t h e  s c i e n t i f i c  va lue  of Viking '79. 

o b t a i n  agreement f o r  European development of a rover f o r  

Viking '79. 

c. 

I f  t h e  dec is ion  on-MSSR '81 is negat ive ,  provide adequate 

funding ( $ 5  M i n  FY 75, $15 M i n  FY 76) t o  develop new s c i e n t i f i c  

h s t r u m e n t s  for Viking '79. 

S e l e c t  the Viking '79 payload in 1976 following t h e  r e t u r n  of 

d a t a  from Viking '75. 

A long-lived 1979 o r b i t e r  has g r e a t  s c i e n t i f i c  p o t e n t i a l  and 

is recommended i f  n e i t h e r  of t h e  h ighes t  p r i o r i t y  missions 

(Viking '79 or Mars sample  return) should be se l ec t ed .  

The p o t e n t i a l  f o r  Mars s t u d i e s  by Pioneer-class  l a n d e r s  and 

e n t r y  probes, based on experience derived from t h e  Pioneer 

Venus program, should be  thoroughly explored. These could be 

s t rong  candidates f o r  lower cost, more spec ia l i zed  missions 

i n  t h e  1980's. 



CHAPTER I 

SCIENTIFIC OBJECTIVES OF THE EXPLORATION OF MARS 

To t h e  p l ane ta ry  astronomer a decade ago t h e  p lane t  Mars was 

a ruddy shimmering d i s c ,  a white po lar  cap and vague dark  markings. 

With much pa t ience ,  t h e  boundaries of t h e s e  dark areas could be 

reproducibly mapped. 

be seen,  but could not  be r e l i a b l y  recorded. 

For f l e e t i n g  moments more f i n e  d e t a i l  could 

Now, as a r e s u l t  of four  Mariner missions,  Mars is  a new world 

wi th  g r e a t  volcanoes and l ava  f i e l d s ,  canyonlands of c o n t i n e n t a l  

dimensions, heavi ly  c ra t e red  t e r r a i n s  a t  f i r s t  glance reminiscent  

of the moon, and channels resembling terrestrial meandering and 

baraided rfvers. 

of t h e  p lane t .  

i ts rocks and soil w i l l  be  analyzed, and evidence f o r  Martian l i f e  

w i l l  be  sought. 

In 1976 Vik ing  w i l l  provide an even c l o s e r  view 

The l o c a l  f e a t u r e s  of i t s  su r face  will be photographed, 

Building upon these exploratory i n v e s t i g a t i o n s ,  t h e  study. of 

Mars w i l l  take i t s  p lace  i n  the  cont inuing i n v e s t i g a t i o n  of the 

fundamental na tu re  of p lane tary  bodies ,  i n  t h e i r  similarities and 

d i f f e r e n c e s ,  and u l t ima te ly  help l ead  t o  a more genera l  theory of 

planets (comparative planetology).  So f a r  t h i s  type  of i n v e s t i g a t i o n  

has  been l imi t ed  t o  two planetary bodies  - Earth and Moon. Terres- 

trial geology and the lunar  program cont inue t o  make remarkable 

progress  i n  unravel ing t h e  e a r l y  h i s t o r y  of t h e s e  bodies and t h e i r  

subsequent evolut ion.  Valuable as t h e  understanding of t hese  o b j e c t s  
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i s  t h e r e  i s  an added complicat ion a r i s i n g  from t h e i r  being a t  t h e  

same pos i t i on  i n  t h e  s o l a r  system and g r a v i t a t i o n a l l y  coupled t o  

one another.  It i s  thus  d i f f i c u l t  t o  decide whether c e r t a i n  pro- 

ces ses ,  such as t h e  e a r l y  hea t ing  and chemical d i f f e r e n t i a t i o n  of 

Ear th  and Moon, w e r e  a p e c u l i a r  proper ty  of t h e  Earth-Moon system 

or a more general  p roper ty  of p l a n e t s  of t h e  s o l a r  system. 

c u r r e n t l y  o f f e r s  t h e  b e s t  oppor tuni ty  t o  dec ide  t h i s  question. 

- 

Mars 

Mars is i n  s e v e r a l  ways a good choice of t h e  next  p lane t  t o  

s tudy  i n  d e t a i l .  

element content,  i t  sits between Ear th  and Moon. Its su r face  i s  

uniquely access ib le .  Its atmosphere i s  s u f f i c i e n t l y  dense t o  be 

of meteorological  ioterest and t o  be  an agent i n  modifying t h e  

s u r f a c e  of t h e  p l a n e t ,  y e t  i s  s u f f i c i e n t l y  t h i n  t h a t  modi f ica t ion  

of t h e  su r face  has been f a r  less ex tens ive  and probably less complex 

than  t h a t  on Earth.  Both i n t e r n a l  and s u r f i c i a l  geologica l  pro- 

c e s s e s  have mani fes t ly  occurred, but do not appear  t o  have been s o  

widespread as t o  erase t h e  e a r l y  h i s t o r y  of t h e  p l ane t .  Because of 

t h e  r e l a t i v e l y  moderate temperatures,  t h e  presence of an atmosphere 

I n  terms of s i z e ,  dens i ty  and poss ib ly  i n  v o l a t i l e  

and of water i n  t h e  forms of vapor and ice, Mars is  t h e  prime target 

f o r  b i o l o g i c a l  exp lo ra t ion  of t h e  s o l a r  system beyond Earth.  

b i o l o g i s t s  would argue that it is  t h e  only o the r  p l ace  i n  t h e  s o l a r  

Many 

. 

system where t h e r e  i s  any reasonable  chance of f i n d i n g  l i f e .  

t h e  pr ime t a r g e t  i n  t h e  sea rch  f o r  extraterrestrial l i v i n g  organisms 

or t h e i r  ab io log ica l  precursors .  

It i s  
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The s c i e n t i f i c  o b j e c t i v e s  of t h e  exp lo ra t ion  of Mars are 

determined by t h e i r  re levance  to  "comparative planetology" as 

descr ibed  above. 

jectives are measurements and the  f l i g h t  instruments  which perform 

t h e  measurements r e l evan t .  By proper formulat ion of t h e s e  ques t ions ,  

Only i n  t h e  context  of such p l ane to log ica l  ob- 

a v a l i d  explora t ion  s t r a t e g y  and instrument payload can be developed. 

Most of t h e  s c i e n t i f i c  ques t ions  are those  which would be asked of 

any p l ane t .  However, t h e  approaches taken i n  answering them w i l l  be 

d i c t a t e d  by t h e  s p e c i a l  oppor tun i t i e s  and l i m i t a t i o n s  pecu l i a r  t o  

Mars. Some of t h e  major quest ions are discussed i n  more d e t a i l  i n  

the remaining s e c t i o n s  of t h i s  chapter .  The two fol lowing chapters  

d i s c u s s  t h e  con t r ibu t ions  t h a t  Mariner 9 has made and t h a t  Viking i s  

expected t o  make toward answering t h e s e  quest ions.  Bui lding on the 

knowledge a l r eady  gained and expected from t h e s e  missions,  we then  

proceed t o  develop t h e  s t r a t e g y  f o r  t h e  next s t e p s  i n  Martian 

explora t ion .  

1.1. What i s  t h e  Basic Physical  and Compositional S t r u c t u r e  of Mars? 

The Ear th ' s  l ayered  s t r u c t u r e  of crust-mantle-core may be t h e  

r e s u l t  of an  i n t e r n a l  wholly post-formational prosess  o r  may be  

p a r t l y  a c h a r a c t e r i s t i c  of inhomogeneous p lane tary  acc re t ion .  The 

smaller and composi t ional ly  d i f f e r e n t  Moon a l s o  has a c r u s t  and 

mantle bu t  may o r  may n o t  have a core.  Geophysical d a t a  on t h e  

g ross  s t r u c t u r e  of Mars w i l l  provide an a d d i t i o n a l  b a s i s  f o r  

s e p a r a t i n g  t h e  e f f e c t  of s i z e  from that of composition, both of 

which in f luence  internal s t r u c t u r e  and thermal a c t i v i t y .  



. 
Direc t ly  r e l a t e d  t o  t h e  i n t e r n a l  s t r u c t u r e  and composition i s  

the o r i g i n  of p l ane ta ry  magnetic f i e l d s .  

magnetic f i e l d ,  thought t o  be generated by convection of conducting 

f l u i d s  i n  an i r o n  core.  The Moon has no f i e l d  now being generated 

but  shows evidence t h a t  a weak f i e l d  d id  exist over 4 b i l l i o n  years  

ago. 

r e l a t e d  to  l a r g e  magnetic f i e l d s  i n  i n t e r p l a n e t a r y  space as t h e  

s o l a r  system formed. 

t h e  Martian magnetic f i e l d ,  a long  wi th  d a t a  on presence o r  absence 

of a f l u i d  core ,  w i l l  bear  d i r e c t l y  on how p lane ta ry  magnetic f i e l d s  

arise. 

. 

The Ear th  has a l a r g e  

- 

The o r i g i n  of th i s  weak f i e l d  may have been ex te rna l ,  poss ib ly  

Measurements on t h e  s t r e n g t h  and s t r u c t u r e  of 

Ineves t iga t ion  o f .  the elemental and minera logica l  composition 

of Mars bears  on two important quest ions:  1) What were t h e  s o l a r  

system condi t ions  under which t h e  p l ane t  formed? and 2) What pro- 

cesses have a l t e r e d  o r  modified t h e  e a r l y  chemical and phys ica l  

s tate of Mars? Idea l ly ,  i n  o rde r  t o  answer t h e  f i r s t  ques t ion ,  one 

xust kaow t h e  bulk s t a r t i n g  composition of t h e  p l ane t ,  from which 

estimates can b e  Eade of t h e  temperature,  p ressure  and composition 

of t h a t  p a r t  of t h e  s o l a r  nebula from which Mars material condensed. 

I n  p r a c t i c e  one cannot determine the bulk s t a r t i n g  composition 

because t h e  i n i t i a l  state has been modified and because we can 

d i r e c t l y  i n v e s t i g a t e  only t h e  geologic  u n i t  now exposed on the 

su r face .  

t h e  composition and t h e  format ive  processes  of t h e  va r ious  su r face  

u n i t s  a f t e r  which in fe rence  can  be made regard ing  t h e  pr imordia l  

The problem of modi f ica t ion  i s  addressed by i n v e s t i g a t i n g  
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material. For example, by such methods luna r  material can be shown 

t o  be depleted,. on a p l ane ta ry  scale, i n  t h e  low temperature,  

v o l a t i l e - r i c h ,  components of t h e  s o l a r  system s t a r t i n g  material. 

formed i n  t h e  h o t t e r  reg ions  of t h e  nebula thar, d id  material making 

up t h e  more v o l a t i l e - r i c h  E a r t h .  

The i n v e s t i g a t i o n  of the sur face  rock  composition and processes  

relates more d i r e c t l y  t o  t h e  evolution of t h e  p lane t .  F i r s t ,  

a n a l y s i s  of t h e  s u r f a c e  u n i t s  leads t o  knowledge of t h e  a c t u a l  

format iona l  process. For example, de te rmina t ion  of t h e  rock  types  

i n  t h e  Thars i s  reg ion  will l e a d  t o  a comprehension of t h e  formation 

of t h e  enormous vo lcan ic  mountains such as N i x  Olympica, t e n  t i m e s  

l a r g e r  both v e r t i c a l l y  and h o r i z o n t a l l y  than  most terrestrial vol-' 

c a n i c  complexes.' Assuming t h a t  rock t o  have been a l a v a ,  one can, 

i n  conjunct ion wi th  l abora to ry  d a t a ,  estimate composition of t h e  

deep i n t e r i o r  rock which w a s  t h e  source  reg ion  of t h e  lavas. L i m i t s  

on such i n t e r p r e t a t i o n s  and b e t t e r  d e l i n e a t i o n  of t h e  i n t e r i o r  

d i s t r i b u t i o n  of t h e  pa ren t  m a t e r i a l s  are supplied by seismic means. 

Analys is  of t h e  sediments of t h e  t e r r a i n  u n i t s  near t h e  mouth- 

r eg ions  of t h e  l a r g e  canyons is expected t o  shed l i g h t  on t h e  puta- 
- 

t ive  e r o s i o n a l  process  c r e a t i n g  t h e  canyons, i .e. ,  t h e  presence of 

hydrous minera ls  would 'support an i n t e r p r e t a t i o n  of running w a t e r  

as t h e  e r o s i v e  agent.  As a las t  example, t h e  composition of t h e  

heavi ly-cra te red  uplands i s  of s p e c i a l  i n t e r e s t .  It is  apparent ly  

t h e  o l d e s t  exposed Mars geologic u n i t  and may, by analogy w i t h  t h e  
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Moon, represent  t h e  early-formed c r u s t .  A s  such it i s  less evolved 

than, say,  t h e  l avas  of t h e  vo lcan ic  reg ions ,  and takes u s  a s t e p  

c l o s e r  t o  the s t a r t i n g  c omposit ion. 

1.2.  What Processes Have Been Modifying t h e  Martian Surface; What 
- 

Are Their T ime  Scales? 

The question i s  d i r e c t l y  l inked  t o  Mariner photography which 

shows conclusive evidence t h a t  t h e  Martian s u r f a c e  has  been modified 

t o  d i f f e r e n t  degrees i n  d i f f e r e n t  p a r t s b y  volcanism, meteoroid 

c r a t e r i n g ,  wind and poss ib ly  water e ros ion ,  and sedimentation. The 

vo lcan ic  regions i n d i c a t e  t h a t  Mars melted i n t e r n a l l y ,  a t  least 

l o c a l l y ,  some time a f t e r  its orig'in. Such volcanism presumably 

r e l eased  gases t o  form t h e  atmosphere and w a t e r  poss ib ly  t o  form a 

t r a n s i e n t  hydrosphere and t o  supply t h e  condensable materials now 

composing the polar  caps. Determining the age of vo lcan ic  f e a t u r e s  

would l ead  t o  models of i n t e r n a l  thermal h i s t o r y  and bea r s  on p a s t  

c l ima to log ica l  h i s t o r y .  Determing t h e  ages  of h ighly  c r a t e r e d  and 

less c ra t e red  t e r r a i n  w i l l ,  toge ther  wi th  luna r  d a t a ,  allow at t r i -  

but ion  of t he  high rate of e a r l y  luna r  c r a t e r i n g  t o  d e b r i s  e i t h e r  

i n  t h e  Earth-Moon system o r  i n  t h e  e n t i r e  s o l a r  system. 

P a r t  of t h e  problem i n  deciphering p a s t  Martian h i s t o r y  i s  t h e  

determinat ion of t h e  r o l e s  o f ,  and i n t e r r e l a t i o n s  among, d i f f e r e n t  

erosion-sedimentation mechanisms i n  c r e a t i n g  new morphologies and 

des t roying  old ones. For example, meteoroid impacts fragment s u r f a c e  

material, gases r e l eased  by vo lcan ic  a c t i v i t y  form an atmosphere, 

t h e  atmosphere erodes t h e  meteoroid-generated fragmental  d e b r i s  from 
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some regions  and d e p o s i t s  i t  i n  o the r s .  

i n  small c r a t e r s ,  create dune f i e l d s ,  and become trapped i n  polar  

cap condensates. The polar  caps have ev iden t ly  changed i n  e x t e n t  

and p o s i t i o n  through time. 

1.3. What is t h e  Composition of t h e  Atmosphere? 

The a e o l i a n  sediments f i l l  

We are concerned with both t h e  p re sen t  state and t h e  h i s t o r y  

Knowledge of t h e  p re sen t  state inc ludes  know- of t h e  atmosphere. 

l edge  of t h e  composition a s  w e l l  as an understanding of t h e  chemical 

and phys ica l  p rocesses  respons ib le  f o r  maintaining t h a t  composition. 

The abso lu te  abundances of t h e  rare gases  and of n i t rogen  are of 

g r e a t  i n t e r e s t ,  p a r t i c u l a r l y  i n  bounding t h e  h i s t o r y  of t h e  p l ane t .  

The abundance of n e m  i s  an important c l u e  t o  t h e  ques t ion  of whether - 

o r  not  t h e r e  is  any remnant of a pr imordia l  atmosphere. 

g i v e  an i n d i c a t i o n  of t h e  amount of outgass ing  which has  taken p lace ,  

and t h e  argon t o  C02 r a t i o  can b e  i n t e r p r e t e d  as an i n d i c a t o r  of t h e  

s i m i l a r i t y  of ou tgass ing  on Mars t o  outgass ing  on Ear th ,  o r  i t  may 

be an i n d i c a t o r  of whether o r  not t h e r e  is a r e s e r v o i r  of f rozen  

o r  absorbed C02. The concent ra t ion  of n i t rogen ,  an important  element 

i n  bio-organic molecules, and its i s o t o p i c  abundances - may be con- 

t r o l l e d  by non-thermal escape. 

c e n t r a t i o n s  o r  a refinement i n  t h e  upper l i m i t  on n i t rogen  would 

s e r v e  as an i n d i c a t o r  of t h e  na tu re  of escape processes ,  no t  only 

those  a c t i n g  now but  possibily a l s o  t h o s e  occurr ing  in t h e  p a s t .  

concen t r a t ion  of helium, i f  it can be  measured, a l s o  g ives  an indica- 

Argon may 

. 

Thus, measurements of n i t rogen  con- 

The 

t i o n  of t h e  n a t u r e  of escape processes .  



The chemistry of even t h e  major atmospheric c o n s t i t u e n t ,  C02, 

It is  d i s soc ia t ed  r a p i d l y  t o  CO and 0, but is not  y e t  understood. 

s i n c e  the observed d i s s o c i a t i o n  i n  both t h e  lower and upper p a r t s  

of t h e  atrnosphere.(up t o  200 km) is  very small, recombination must 
- 

a l s o  be occurring very  r a p i d l y .  CO recombination i s  ca ta lyzed  by 2 
r e a c t i o n s  t o  CO and 0 wi th  t h e  d i s s o c i a t i o n  products of water vapor. 

It may a l s o  be  ca ta lyzed  by r e a c t i o n s  a t  t h e  sur face .  But, t h e s e  

processes  only occur i n  t h e  lower atmosphere, and enormous v e r t i c a l  

mixing rates are requi red  i f  they are t o  account f o r  t h e  undissociated 

state of t h e  upper atmosphere. 

Ozone may be  an important c l u e  i n  t h i s  puzzle  since it  p a r t i c i -  

p a t e s  i n  r e a c t i o n s  wi th  t h e  products  of H 0 d i s s o c i a t i o n .  A thorough 2 
understanding of t h e  behavior of ozone i n  t h e  Mars atmosphere i s  

of added i n t e r e s t  because some of t h e  same r e a c t i o n s  may in f luence  

t h e  concent ra t ion  of ozone, an  absorber of l e t h a l  u l t r a v i o l e t  rad ia-  

t i o n ,  i x i  the  Ear th ' s  atmosphere. 

The mechanisms c o n t r o l l i n g  t h e  seasonal  and r eg iona l  v a r i a t i o n  

i n  w a t e r  vapor probably involve  e i t h e r  t r a n s p o r t  t o  p o l a r  caps and 

depos i t ion  in,  o r  subl imat ion from, t h e  caps,  o r  they  may involve some 

s o r t  of equi l ibr ium wi th  adsorbed w a t e r  i n  t h e  s o i l .  

a key t o  the understanding of t h e  s u r f a c e  environment, both geo- 

chemically and b i o l o g i c a l l y ,  t h e  n a t u r e  and l o c a t i o n  of w a t e r  vapor 

sources and s i n k s  and t h e  amounts of water s t o r e d  i n  v a r i o u s  types of 

Since w a t e r  i s  

r e s e r v o i r s  are ques t ions  of g r e a t  i n t e r e s t .  

rate of outgassing, and rate of escape of w a t e r  are a l l  important  

Furthermore, t h e  abundance, 



p o i n t s  of comparison f o r  t h e  Earth,  the Moon, and Mars. 

1.4. What i s  t h e  C i rcu la t ion  and Turbulence i n  t h e  Atmosphere?. 

The la rge-sca le  c i r c u l a t i o n  is of  i n t e r e s t  i n  i t s e l f ,  aga in  as 

a poin t  of r e fe rence  wi th  t h e  Earth 's  atmosphere, and a l s o  because 

i t  p lays  a major r o l e  i n  d i s t r i b u t i n g  and mixing t h e  components of 

t h e  atmosphere, as discussed above. For example, water vapor ,  ozone, 

and dus t  are a l l  v a r i a b l e  cons t i t uen t s  of t h e  atmosphere which are 

sys t ema t i ca l ly  t ranspor ted  from one r eg ion  t o  another .  

important  r o l e  played by v e r t i c a l  mixing, e i t h e r  as a d i r e c t  r e s u l t  

o f  t h e  la rge-sca ie  c i r c u l a t i o n  or as a consequence of tu rbulence ,  

h a s  a l r eady  been mentioned. 

The probable 

On t h e  Ear th ,  mixing i n  the s t r a t o s p h e r e  

and mesosphere seems t o  depend l a r g e l y  on t h e  c i r c u l a t i o n  of t h e  lower 

atmosphere. The la rge-sca le  motion c f  t h e  upper atmosphere responds 

to t h e  motion of the lower atmosphere, and when s u f f i c i e n t l y  l a r g e  

ampli tude is  achieved, it breaks down i n t o  turbulence.  I f  t h i s  i s  

a l s o  t h e  case on Mars, ar,d there  i s  every reason t o  b e l i e v e  that it  

is, then  our a t t e n t i o n  should focus on the lower atmosphere c i r cu la -  

t i o n ,  a l though observa t ions  of t h e  c i r c u l a t i o n  i n  t h e  20-100 km reg ion  

would a l s o  be use fu l .  It should be noted t h a t  t h e  present  upper l i m i t  - 

of  N 

measurements near  t h e  s u r f a c e  would remove t h i s  model dependence. . 

abundance is dependent on models f o r  mixing processes;  bu t  N2 2 

-. . 

A u s e f u l  understanding of t h e  c i r c u l a t i o n  r e q u i r e s  no t  only a 

. d e s c r i p t i o n ,  bu t  a l s o  an understanding, of t h e  mechanisms f o r  pro- 

ducing t h e  observed winds. The ways i n  which t h e  atmosphere responds 

t o  t h e  hea t ing  imposed on i t ,  to  t h e  underlying topography, t o  r o t a t i o n ,  
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and t o  the e f f e c t s  of mass condensation are of g r e a t  importance; 

t h e i r  understanding may provide new i n s i g h t s  app l i cab le  t o  our own 

atmosphere. The very la rge-sca le  dus t  storms which occur with g r e a t  

r e g u l a r i t y  are c i r c u l a t i o n  processes  which are not  y e t  understood. 

Such storms may p lay  a s i g n i f i c a n t  r o l e  i n  modifying t h e  sur face ,  
- 

and t h e i r  o r ig in  seems t o  depend c r i t i c a l l y  on t h e  d i s t r i b u t i o n  of 

s o l a r  r ad ia t ion .  Monitoring of seasonal  v a r i a t i o n s  i n  t h e  c i r cu la -  

t i o n  is needed t o  unravel  t h i s  problem. 

1.5. What is  t h e  Or ig in  and Pas t  His tory  of t h e  Atmosphere? 

On any p lane t ,  w e  would l i k e  t o  know whether t h e r e  w a s  a p r i -  

mordial  atmosphere, w h a ~  are rates of . .  outgassing now and i n  t h e  p a s t ,  . 

whether the  atmosphere ever  had a s u b s t a n t i a l l y  d i f f e r e n t .  composition 

and/or c l imate ,  and how and why any major v a r i a t i o n s  i n  composition 

o r  c l ima te  took place.  These ques t ions  are of p a r t i c u l a r  i n t e r e s t  

i n  che case  of Mars because of i t s  s i m i l a r i t y  t o  t h e  Earth.  The 

answers for  Mars would provide benchmarks aga ins t  which t o  check our 

not ions  of t h e  h i s t o r y  of the Earth's atmosphere. 

e s s e n t i a l  f a c t o r s  i n  understanding t h e  presence o r  absence of bio- 

They are a l s o  

l o g i c a l  evolut ion on Mars. 

They a r e  also, unfor tuna te ly ,  t h e  most d i f f i c u l t  t o  answer. 

We do n o t  yet have a s a t i s f a c t o r y  understanding of t h e  e a r l y  h i s t o r y  

of the Ear th ' s  atmosphere. 

appears  t o  be  much s impler  and t h e  h i s t o r y  may be  correspondingly 

easier t o  unravel,  bu t  w e  can  only hope t o  arrive a t  answers by 

The chemistry of t h e  Martian atmosphere 
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thoroughly understanding t h e  f a c t o r s  i n f luenc ing  t h e  present  

composition and climate. Elements of th is  understanding w i l l  de- 

pend on many a s p e c t s  of Martian i n v e s t i g a t i o n ,  and not  j u s t  on 

_- s t u d i e s  d i r e c t e d  s p e c i f i c a l l y  toward t h e  atmosphere. me composi- 

t i o n  of t h e  s u r f a c e  rocks, for  example, w i l l  g ive  an i n d i c a t i o n  of 
- 

t h e  v o l a t i l e s  which they once contained. The composition and va r i a -  

t i o n s  i n  composition of volcanic rocks are of p a r t i c u l a r  i n t e r e s t  

i n  t h i s  regard .  The s u r f a c e  morphology v a r i a t i o n s  may provide c l u e s  

t o  t h e  age  of t h e  atmosphere. If an a b s o l u t e  age  scale can be de t e r -  

mined, as has  been done on the moon, then  t h e  relative time scale 

provided by c r a t e r  d i s t r i b u t i o n s  may be  used t o  d a t e  numerous wide- 

spread e r o s i o n a l  and depos i t i ona l  even t s  caused by t h e  atmosphere. 

The s i t u a t i o n  is un l ike  t h a t  on t h e  Ea r th  where s u r f a c e  modi f ica t ion  
. .  

t akes  p l ace  on a very  s h o r t  time scale. Ins tead ,  morphological 

evidence may a l low inferences  t o  be drawn about t h e  very e a r l y  

h i s t o r y  of Mars. 

A key element i n  t h e  problem of climate change i s  t h e  ques t ion  

of whether o r  not a l a r g e  C02 r e s e r v o i r  e x i s t s .  I f  i t  does n o t ,  

then  i t  is u n l i k e l y  t h a t  any major v a r i a t i o n s  i n  c l ima te  could have 

occurred; a t  least ,  no t  unless an  earlier dense atmosphere has  
- 

escaped. Direct exp lo ra t ion  of t h e  r e s i d u a l  po lar  caps  t o  determine 

t h e  composition, seasonal  v a r i a t i o n s  i n  s u r f a c e  temperature, and 

depth  of t h e  condensed v o l a t i l e s  i s  t h e  most s t ra ight forward  approach 

_ -  

t o  t h i s  ques t ion .  But t h e  seasonal v a r i a t i o n  i n  t o t a l  atmospheric 
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mass is also an important clue. If this variation is very small, 

less than about.1/3 mb, then winter storage of C02 is unlikely t o  

be adequate to maintain a permanent cap against sublimation during 

the summer. 

a stable solid CO 

of the residual cap. 

1.6. Is There Life on Mars? 

If the-annual variation in pressure is much larger, - 
reservoir may exist, depending on the albedo 2 

A key element in comparative planetology is the distribution 

of life in the solar system. 

Earth with current conditions and likely natural history consistent 

with the origin and evolution of earth-like life; i.e., organisms 

based on protein-nucleic acid systems. Hence, if the generaliza- 

tions about the composition of terrestrial life are universals of 

biology, the search for extraterrestrial life should focus on the 

planet with physical conditions compatible with stability and func- 

t i o n  of protein-nucleic acid systems and with a natural history 

conducive to the pre-biotic chemical evolution of proteins and 

nucleic acids. 

detectible by measuring changes in the chemistry in a closed system 

in which Martian life is propagatsd, 

vironment caused by extraterrestrial life is less conjectural than 

the chemical conposition of the putative extraterrestrial organisms. 

The importance of subsequent questions obviously depends upon the 

answer to this question; thus, the questions which follow are 

Mars is the only planet other than 

If EIartian life exists, it should be m o s t  readily 

Chemical change in the en- 

explicitly conditional. 
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. 
1.7. I f  L i f e  Exists on Mars, What i s  i ts  Composition, S t ruc tu re ,  

and Function? 

From t h e  previous d iscuss ion  i t  is obvious t h a t  t h e  key ques t ion  

i s  whether gene t ic  information I s  contained in nucieic acid(s j  aid 

expressed by t h e  c a t a l y t i c  p rope r t i e s  of p ro te ins ;  and t h i s  i s  a 

t e c h n i c a l l y  d i f f i c u l t  ques t ion  because w e t  chemistry will be  required 

f o r  d e f i n i t i v e  answers. S t ruc tu re  can be  determined by (microscopic) 

imaging of propagated Martian l i f e .  Function can  b e  assessed by 

measuring. changes in the  chemistry of c losed  systems i n  which Martian 

l i f e  is propagated. 

1.8. I f  L i f e  Does N o t  Now Exist on Mars, Are.There E i the r  Chemical 

F o s s i l s  o r  Accumulated Products  of Pre-b io t ic  Chemical 

Evolution? 

These two ques t ions  are  conjoined because t h e  organic  chemicals 

expected from p re -b io t i c  evolut ion (amino a c i d s ,  pur ines  and py- 

r imid ines ,  f a t t y  a c i d s ,  sugars ,  e t c . )  are c l o s e l y  similar t o  those  

expected i n  f o s s i l s .  Dis t inguish ing  between t h e  two poss ib l e  o r i g i n s  

of such substances would r e q u i r e  more s u b t l e  measurements than de- 

t e c t i n g  t h e i r  presence.  

chemical f o s s i l s  would be more s i g n i f i c a n t ,  even t h e  de t ec t ion  of such 

Although t o  t h e  b i o l o g i s t ,  - t h e  de t ec t ion  of 

compounds would c o n s t i t u t e  a discovery of t h e  f i r s t  magnitude. 



. 
CHAPTER I1 

MARINER 9 SCIENTIFIC ACCOMPLISHMENTS 

. 

The Miri~ler 9 n r h i t e r  provided a platform f o r  6 d i f f e r e n t  

instrument-or iented inves t iga t ions :  t e l e v i s i o n  imagery, i n f r a r e d  

radiometry,  i n f r a r e d  spectroscopy, u l t r a v i o l e t  spectroscopy,  r ad io  

o c c u l t a t i o n  a n a l y s i s ,  and c e l e s t i a l  mechanics from s p a c e c r a f t  t rack-  

i n g  da ta .  The ob jec t ives  of these complementary i n v e s t i g a t i o n s  

w e r e  t o  provide extensive information f o r  d e t a i l e d  s t u d i e s  of bo th  

f i x e d  and v a r i a b l e  p r o p e r t i e s  of Mars. S p e c i f i c a l l y ,  t h e  goa ls  

can be summarized as follows: t o  characterize t h e  geo log ica l  s t ruc-  

t u r e s  and t o  map t h e i r  d i s t r i b u t i o n  over t h e  p l ane t ,  t o  i d e n t i f y  

p rocesses  r e spons ib l e  f o r  modifying t h e  sur f  ace, t o  determine'  t h e  

n a t u r e  df t ime v a r i a t i o n s  i n  s u r f a c e  albedo, t o  i n v e s t i g a t e  t h e  

composition, temperature d i s t r i b u t i o n ,  c loudiness ,  and dynamics 

of t h e  atmosphere, inc luding  time v a r i a t i o n s ,  t o  c h a r a c t e r i z e  t h e  

shape  and g r a v i t y  f i e l d ,  and t o  survey t h e  satellites. The o r b i t e r  

w a s  n o t  expected t o  provide information d i r e c t l y  relevant t o  t h e  

q u e s t i o n  of t h e  ex i s t ence  of Martian l i f e  beyond adding t o  knowledge 

of t h e  Martian environment. These goa ls  w e r e  l a r g e l y  achieved, and 

the f ind ings  have g r e a t l y  advanced our understanding of t h e  p lane t .  

They have a l s o  r a i s e d  new quest ions.  W e  summarize h e r e  what we 

believe t o  be  t h e  major new f ind ings ,  and some of t h e  major new 

ques t ions .  
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11.1. I n t e r n a l  Processes 

The Mariner 9 p i c t u r e s  showed t h a t  t h e  s u r f a c e  of Mars is 

much more var ied  than  t h a t  of t h e  Moon. Large areas are heavi ly  

c r a t e r e d ,  l i k e  

and 7 f ind ings  

t e r r a i n  formed 

t h e  t e r r a i n  i d e n t i f i e d  by Mariner 4, but  t h e  Mariner 6 

both of smooth bas ins ,  and of "chaotic t e r r a i n "  - 
apparent ly  by systematic removal of underlying 

- 

material and slumping of su r face  material - w e r e  confirmed. 

lat ter w a s  found t o  be contiguous with an  ex tens ive  system of 

f l a t - f loo red  steep-sided v a l l e y s  and canyons whose s c a l e  i s  enormous. 

One of t h e  most e x c i t i n g  d i scove r i e s  w a s  t h a t  of ea r th - l ike  vol- 

The 

can ic  f ea tu res :  vo lcan ic  domes and s h i e l d s ,  ca lde ras ,  l ava  flows, 

and collapsed l ava  tubes. Although no o b j e c t s  of t h i s  type  w e r e  

i d e n t i f i e d  from earlier spacec ra f t ,  t h e s e  f e a t u r e s  cover l a r g e  

areas and are i n  some cases very  spec tacu la r .  Nix Olympica, f o r  

example, i s  much l a r g e r  than  any terrestrial volcano. There is  

a l a r g e  range i n  apparent  age  of t h e  vo lcan ic  f e a t u r e s  (based on 

crater abundance and o the r  evidence f o r  modi f ica t ion) ,  but many of 

them seem r e l a t i v e l y  young, i n d i c a t i n g  t h a t  some mel t ing  has  taken 

p l ace  i n  Mars' i n t e r i o r  over a long period of t i m e ,  as w e l l  as i n  

t h e  r e c e n t  p a s t .  It may s t i l l  be going on. Consis ten t  with t h e s e  

observa t ions ,  t h e  a i r b o r n e  d u s t  was found t o  have a high si l icate 

con ten t ,  i n d i c a t i v e  of a cons iderable  degree of d i f f e r e n t i a t i o n .  

There is abundant morphological evidence of vertical motion 

of p a r t s  of t h e  c r u s t ,  both upwelling and downwarping, but l i t t l e  

or no evidence f o r  t h e  kind of lateral  p l a t e  motions that occur on 

. .  
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Earth.  Alignment of some of the volcanoes, t h e i r  r e g i o n a l  d i s t r i -  

bu t ion ,  and t h e i r  a s s o c i a t i o n  wi th  l a rge - sca l e  f a u l t  systems i n d i c a t e  

t h a t  t h e r e  are planet-wide v a r i a t i o n s  i n  h e a t  f low and mel t ing ,  but 

t h e  - conf igu ra t ion  and s i z e - o f  t h e  volcanoes i n d i c a t e s  t h a t  u n l i k e  

such l a r g e  terrestrial volcanoes as t h e  Hawaiian I s l a n d s ,  they have 

remained s t a t i o n a r y  wi th  respec t  t o  t h e i r  underlying sources  of hea t .  

Apparently t h e  Martian c r u s t  is much less mobile than  t h a t  of t h e  

Earth.  Mariner 9 extended our knowledge of t h e  large-scale topo- 

graphic  v a r i a t i o n s ,  which were a l r eady  known from earth-based r ada r  

observa t ions  t o  have very large amplitudes,  and i t  showed t h a t  t h e  

Mart ian g r a v i t y  f i e l d  is  a l s o  very rough. Evidently,  t h e  Mars 

c r u s t  suppqr ts  much l a r g e r  depar tures  from i s o s t a s y  than  does t h e  

E a r t h ' s  c r u s t .  

The Mariner 9 d a t a  have shown t h a t  Mart ian i n t e r n a l  processes  

are e a r t h l i k e  i n  some aspec t s  and very  d i f f e r e n t  i n  o t h e r  a spec t s .  ' 

But Mariner 9 d i d  not  explore  many problems of t h e  Martian i n t e r i o r  

and only began t o  explore  others .  For example, cons ider ing  only 

problems which can  be attacked by o r b i t e r s ,  i t  provided no informa- 

t i o n  on i n t e r n a l  magnetic f i e l d s ,  and no information on the composi- - 

t i o n  of s u r f a c e  material o ther  than  t h e  i d e n t i f i c a t i o n  of a s i l i c a t e  

component of t h e  a i rbo rne  dust .  Because of t h e  h igh  p e r i a p s i s  a l t i -  

tude,  g r a v i t y  f i e l d  measurements w e r e  l i m i t e d  t o  l a r g e  scale com- 

ponents; t h e  ampli tudes of these  i n d i c a t e  t h a t  t h e  informat ion  con- 

t a ined  i n  t h e  smaller s c a l e  components could be v e r y  use fu l .  
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11.2. Surface Modif icat ion Processes 

The Mariner r e s u l t s  underscored t h e  importance of a e o l i a n  

processes.  

were obscured by a planet-wide yel lowish ve i l ,  suspected of being 

a dus t  storm. Mariner confirmed t h a t  t h e  obscura t ion  was  due t o  

a i rbo rne  dust ,  and showed t h a t  such very la rge-sca le  storms, as 

w e l l  as smaller and more f requent  dus t  storms, p l ay  a major r o l e  

i n  modifying t h e  sur face .  

and dark markings can be caused by removal and depos i t i on  of dus t  

c a r r i e d  by winds w a s  confirmed, and t h e  discovery of ex tens ive  sand 

dune f i e l d s  showed that e a r t h - l i k e  a e o l i a n  processes  occur.  

is  evidence that l a r g e  areas i n  t h e  southern hemisphere are mantled 

by dus t  t o  depths s u f f i c i e n t  t o  obscure even t h e  l a r g e s t  craters i n  

some places.  

r o l e  i n  scouring loose  material from t h e  f l o o r s  of deep canyons and 

v a l l e y s .  

t e n s i v e  mesas and lowlands, t h e  so-called " f r e t t e d  terrain," pos- 

s i b l y  i n  combination wi th  o the r  processes such as sapping of ground 

ice. There i s  evidence t h a t  su r f ace  modi f ica t ion  processes  were 

more e f f e c t i v e  a t  some time during t h e  p a s t  than  they are now. 

The spacec ra f t  a r r i v e d  when t h e  u s u a l l y  v i s i b l e  f e a t u r e s  

- 

The theory that time v a r i a t i o n s  i n  l i g h t  

There 

I n  o the r  areas, wind appears  t o  have played a major 

Elsewhere, i t  may have cont r ibu ted  t o  t h e  shaping of ex- 

The p r i n c i p a l  ques t ion  r a i s e d  by t h e  observa t ions  of su r face  

t o  w h a t  e x t e n t  have processes  o t h e r  than  impact modif icat ion is: 

c r a t e r i n g ,  aeo l i an  e ros ion ,  and depos i t i on  been r e spons ib l e  f o r  

modifying the su r faces?  Ground i c e  sapping i s  a p o s s i b i l i t y .  One 

of t h e  most i n t r i g u i n g  observa t ions  is  t h a t  of canyons which look 

~ ~ _ _  ~~ 

. -  
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as though they have been shaped by water eros ion .  The very l a r g e  

.scale  of some o,f t h e s e  f e a t u r e s  and t h e i r  l imi t ed  r e g i o n a l  d i s t r i -  

bu t ion  pose s e r i o u s  problems f o r  t h e  w a t e r  e ros ion  hypothes is ,  but 

no s a t i s f a c t o r y  a l t e r n a t i v e  has been proposed. A t  t h i s  po in t  w e  

are l e f t  w i th  a puzzle  having major geochemical and b i o l o g i c a l  im-  

p l i c a t i o n s :  has l i q u i d  water ever played a major r o l e  i n  modify- 

i n g  t h e  su r face  of Mars? Answers t o  t h i s  ques t ion  and o the r  major 

problems of su r face  modification, such as e s t a b l i s h i n g  an abso lu te  

time-scale f o r  t hese  processes must come from f u t u r e  missions. 

Even in terms of geomorphological s t u d i e s ,  Mariner 9 w a s  l imi t ed  

in coverage a t  adequate r e so lu t ion ;  only 2% of Mars w a s  photographed 

at b e t t e r  than  1 km r e s o l u t i o n .  

11.3. Atmospheric Processes  

Mariner 9 confirmed most of t h e  Mariner 6 and 7 r e s u l t s  on 

atmospheric composition, and extended t h e s e  r e s u l t s  t o  cover t h e  

whole of Mars and a cons iderable  range of seasons.  The only known 

components of t h e  atmosphere a r e  CO 

CO, 02, 0, and C ( t h e  lat ter two occurr ing  only  in t h e  upper atmosphere), 

t oge the r  wi th  water (vapor and i c e ) ,  and ozone. -The s t r u c t u r e  of t h e  

and i t s  d i s s o c i a t i o n  products,  2 

upper atmosphere, w i t h  undissoc ia ted  C02 predominant, and t h e  rate of 

thermal escape of hydrogen a r e  similar t o  t h e  s t r u c t u r e  and escape 

rate found by Mariners 6 and 7 i n  1969, when allowance is made f o r  
* 

s o l a r  c y c l e  v a r i a t i o n s .  

w i l l  t i g h t e n  t h e  c u r r e n t l y  accepted upper l i m i t s  on such candida te  

Eventually, a n a l y s i s  of t h e  Mariner 9 d a t a  
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trace gases  as N 

relative abundances of C02 i so topes  have been made from Mariner 9 

s p e c t r a l  data;  t h e s e  r a t i o s  appear t o  be l i k e  those  found on ea r th .  

Refined estimates of t h e  N2 concent ra t ion  and t h e  i s o t o p i c  composi- 

t i o n  as w e l l  as t h e  rare gas concent ra t ions  must a w a i t  f u t u r e  missions.  

F i r s t  o rde r  estimates of t h e  r a t i o s  o t h e  2' 

- 

Ozone and w a t e r  vapor are v a r i a b l e  c o n s t i t u e n t s .  Water vapor 

varies seasonally;  its abundance i s  apparent ly  r e l a t e d  t o  both t h e  

planet-wide dus t  storms and the retreat of t h e  po la r  cap. 

c l o s e l y  r e l a t e d  t o  temperature, i t s  abundance increas ing  with de- 

c reas ing  temperature; it was  undetec tab le  i n  t h e  t r o p i c s .  Since t h e  

water vapor concent ra t ion  i s  very  s e n s i t i v e  t o  temperature, i t  has  

Ozone is 

. .  
been i n f e r r e d  that ozone i s  con t ro l l ed  by water vapor through re- 

a c t i o n s  wi th  products  of w a t e r  photo lys i s .  

c o r r e c t ,  t h e  Mariner observa t ions  may c o n t r i b u t e  t o  our understand- 

i n g  of ozone i n  t h e  Ea r th ' s  atmosphere where a similar mechanism i s  

bel ieved t o  operate.  

I f  t h i s  in ference  i s  

The temperature d i s t r i b u t i o n  i n  t h e  lower atmosphere w a s  s t rong ly  

a f f e c t e d  by t he  planet-wide d u s t  storm; t h e  a i rbo rne  dus t  absorbs 

. -  

s o l a r  r a d i a t i o n ,  hea t ing  t h e  atmosphere and cool ing  t h e  su r face .  

The d u s t  hea t ing  provides  a powerful feedback mechanism coupl ing 

s o l a r  heating t o  la rge-sca le  wind systems. Because of this, t h e  

occurrence of d u s t  storms is q u i t e  s e n s i t i v e  t o  t h e  magnitude and 

d i s t r i b u t i o n  of incoming s o l a r  r a d i a t i o n .  

_ -  
I 

I 

Major f e a t u r e s  of t h e  

wind d i s t r i b u t i o n  could be  determined from t h e  temperature d i s t r i -  

bu t ions  observed by Mariner 9. These f e a t u r e s  included an i n t e n s e  

. 
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thermally d r iven  c i r c u l a t i o n ,  influenced by t h e  dus t  absorpt ion i n  

t h e  t r o p i c s  and i n  t h e  southern hemisphere (summer). The tempera- 

t u r e s  and cloud observa t ions  a l s o  showed t h a t  t h e  middle and high 

no r the rn  and southern l a t i t u d e s  are dominated i n  winter  by preva i l -  

i n g  wes ter ly  winds and active ba roc l in i c  waves. The Martian atmos- 

phere i s  s u f f i c i e n t l y  ear th- l ike  t h a t  observa t ions  such as these  

provide a d d i t i o n a l  i n s i g h t  i n t o  processes  occurr ing  i n  our own at- 

mosphere. In add i t ion ,  t he  c i r c u l a t i o n . i s  a key element i n  several 

problems f n  Martian planetology: how are t h e  v o l a t i l e s  C02 and H20 

s t o r e d  and t ranspor ted  each season? Why are t h e r e  apparent  r eg iona l  

d i f f e r e n c e s  i n  a e o l i a n  modif icat ion of t h e  sur face?  Mariner 9 pro- 

v ided  c l u e s  t.0 these  ques t ions ,  but  d i d  not provide s u f f i c i e n t  atmos- 

p h e r i c  d a t a  t o  d e f i n e  the c i r c u l a t i o n  over t h e  Martian year.  

. -  . .  

Observations of t h e  polar  reg ions  r a i s e d  new and important 

ques t ions .  

i n  p a r t s  of both po la r  zones, but t h e  central po la r  zones are 

dominated by deep laminated depos i t s .  

t a i n i n g  l a r g e  amounts of f rozen v o l a t i l e s ,  inc luding  water and pos- 

s i b l y  carbon d ioxide ,  as w e l l  a s  dus t .  

v o l a t i l e s  do exist  a t  t h e  poles ,  t h e r e  is  a real p o s s i b i l i t y  that 

Mars may have had very d i f f e r e n t  climatic regimes i n  t h e  p a s t  than 

i t  has  now. For example, i f  t he  po la r  r eg ions  w e r e  once w a r m e r  than 

now, t h e  s to red  v o l a t i l e s  could have r e s ided  i n  t h e  atmosphere, 

w i th  t h e  r e s u l t  t h a t  a warmer  and mois te r  c l ima te  might have p re -  

v a i l e d .  

Evidence f o r  aeo l i an  e ros ion  is p a r t i c u l a r l y  prominent 

These are suspected of con- 

I f  l a r g e  - r e s e r v o i r s  of 

. 

" 

This p o s s i b i l i t y  is p a r t i c u l a r l y  t a n t a l i z i n g  i n  view of t h e  

- 
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observa t ion  of e r o s i o n a l  f e a t u r e s  resembling channels formed by 

running water. The ques t ions  of whether t h e r e  are l a r g e  r e s e r v o i r s  

of CO 

gases  ever r e s i d e d . i n  t h e  atmosphere are of g rea t  importance f o r  

understanding t h e  h i s t o r y  of Mars. 

and H 0, and whether s u b s t a n t i a l l y  l a r g e r  amounts of t hese  2 2 

- 

In view of r ecen t  specu la t ion  

on long term v a r i a t i o n s  i n  s o l a r  luminance, and of t h e  dependence 

of t h e  atmospheric mass on s o l a r  luminance i f  v o l a t i l e s  r e s e r v o i r s  

exist ,  answers t o  t h e s e  ques t ions  could a l s o  bear on t h e  problem 

of long-term s o l a r  v a r i a t i o n s .  In s i t u  measurements of composition 

of t h e  r e s i d u a l  po la r  caps may be t h e  most d i r e c t  way of r e so lv ing  

t h e  r e s e r v o i r  problem. 

. .  



CHAPTER 111 

ANTICIPATED VIKING 1975 SCIENTIFIC ACCOMPLISHMENTS 

The Viki-,g -,issicns are desigrled tc! r ign i f iczr l t ly  ATrlnre the 

knowledge of Mars by d i r e c t  measurements i n  t h e  atmosphere and on 

t h e  s u r f a c e  and a l s o  by observations of t h e  p l ane t  dur ing  approach 

and from o r b i t .  

information concerning b i o l o g i c a l ,  chemical, and environmental 

f a c t o r s  r e l e v a n t  t o  the  existence of l i f e  on Mars a t  t h i s  t i m e ,  

a t  some time i n  the  r ecen t  past ,  o r  t h e  p o t e n t i a l  f o r  t h e  develop- 

ment of l i f e  a t  a f u t u r e  time. 

P a r t i c u l a r  emphasis w i l l  be placed on obta in ing  

111.1. Viking 1975 S c i e n t i f i c  I n v e s t i g a t i o n s  

Two Viking spacec ra f t  w i l l  be  s e n t  t o  Mars t o  a r r i v e  i n  t h e  

Each spacec ra f t  w i l l  c o n s i s t  of a l ande r  and an summer of 1976. 

o r b i t e r .  The Martian season a t  t h e  time of a r r i v a l  will be  sp r ing  

equinox i n  t h e  Northern hemisphere. Thi r teen  i n v e s t i g a t i o n s  w i l l  

b e  c a r r i e d  on each of t h e  i d e n t i c a l  spacec ra f t .  Three of t h e s e  

w i l l  be on t h e  o r b i t e r ,  one w i l l  be done during t h e  e n t r y  i n t o  t h e  

Mars atmosphere, e i g h t  w i l l  be done on t h e  l ande r ,  and one w i l l  

u t i l i z e  t h e  telecommunication systems. 

- 
These i n v e s t i g a t i o n s  are 

l i s t e d  i n  Table 111-1. 

111.2. Direct Biology 

Viking i s  t h e  f i r s t  U . S .  oppor tuni ty  t o  begin t h e  d i r e c t  search  f o r  

t o  understanding t h e  place of Mars i n  t h e  organic-biochemical-biological 
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chain  of events .  The d i r e c t  biology instrument on Viking 1975 

has t h r e e  component experiments: p y r o l y s i s ,  l a b e l  release, and 

gas  exchange. In t h e  pyro lys i s  experiment, a Martian s o i l  sample 

is incubated wi th  C"0 
1 I, 1 A 

and C I 7 0 ,  wi th  p rov i s ions  made f o r  i l l u m i -  2 

n a t i o n  and a d d i t i o n  of water vapor. Following incubat ion  and 

f lu sh ing  ou t  of unreacted gases, t h e  organic  matter is  l i b e r a t e d  

by py ro lys i s  and t h e  amount of C 1 4  contained t h e r e i n  is  i n d i c a t i v e  

of s y n t h e s i s  of organics  from CO and/or CO. The l a b e l  release 2 

experiment involves t h e  incubation of a sample wi th  a medium con- 

t a i n i n g  CI4 l abe led  organics.  

p roducts  (pr imar i ly  C 

The appearance of r a d i o a c t i v e  gaseous 

1 4  02) i n  the headspace is  evidence f o r  t h e  

presence .of  degrada t ive  metabolic processes.  In t h e  gas exchange 

experiment, s o i l  is  incubated with medium conta in ing  unlabeled 

o rgan ic s  and t h e  headspace is monitored f o r  H2, N2, 02, C H 4 ,  and 

CO by gas  chromatography. Changes in gas  composition w i l l  be  

sugges t ive  of metabol ic  processes. 

2 

The ana lyses  performed on Viking are planned t o  provide  a 

s p e c i f i c  demonstration of l i f e ,  d e s p i t e  c l e a r l y  understood poten- 

t i a l  ambigui t ies .  The p o s i t i v e  discovery of e x t r a t e r r e s t r i a l  l i f e  
- 

would t h r u s t  t h e  p l ane ta ry  program i n t o  an en t i r ' e ly  new realm 

having f a r  reaching  e f f e c t s  on t h e  Nat ion 's  space goals.  The 

absence of any s p e c i f i c  demonstration would be inconclus ive .  

Numerous reasons  could be pos tu la ted  f o r  such a negat ive  answer, 

e.g., l a c k  of s u f f i c i e n t  s e n s i t i v i t y ,  i n c o r r e c t  assumption of 

Martian biochemistry,  l oca l i zed  h a b i t a t s ,  r e s t r i c t e d  t i m e  of 
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b i o l o g i c a l  a c t i v i t y ,  mismatch of terrestrial ana log ie s  o r ,  indeed, 

no contemporary l i f e .  

t h e  last  a l t e r n a t i v e  wi th  one p a i r  of spacec ra f t .  

It is  c l e a r l y  not p o s s i b l e  t o  demonstrate 

I n  addi t ion  t o - t h e  d i r e c t  biology experiments, an organic 

a n a l y s i s  experiment is included on Viking and i s  intended t o  

determine f i r s t  order levels of i d e n t i f i c a t i o n  of classes of or- 

ganic molecules, b i o l o g i c a l  as w e l l  as non-biological. Not con- 

s ide red  t o  be a " l i f e  detector ' '  by i t s e l f ,  t h e  organic a n a l y s i s  

i s  l i k e l y  t o  provide  s t r o n g  c l u e s  t o  t h e  b i o l o g i c a l  ques t ion  and 

t o  a i d  i n  t h e  des ign  of f u t u r e  experiments. 

t ypes  of organic compounds w i l l  shed l i t t le  l i g h t  on t h e  biology 

of Mars, but  w i l l  tel l  us something of p o s s i b l e  evolving neo- 

organic systems. Large concent ra t ions  of complex ( b i o l o g i c a l l y  

important) molecules w i l l  be sugges t ive  of b i o l o g i c a l  a c t i v i t y ;  

and, of course, t h e r e  i s  a spectrum of p o s s i b i l i t i e s  between t h e s e  

two extremes. 

complement t o  t h e  b i o l o g i c a l  experiments, it w i l l  be  of more 

d i r e c t  importance t o  our understanding of organic  chemical evolu- 

t i o n  on Mars ( in  the presence o r  absence of l i f e ) .  

Low levels and s i m p l e  

Although the organic a n a l y s i s  i s  a s i g n i f i c a n t  

Without exception, a l l  environmental d a t a  r e tu rned  from t h e  

p l ane t  bea r s  on t h e  b i o l o g i c a l  ques t ion  (which r e q u i r e s  d e t a i l e d  

measurements of t h e  phys ica l  and chemical cha rac t e r  of t h e  p l ane t ) .  

Viking is t hen  our f i r s t  a t tempt ,  w i th  long odds bu t  f o r  g r e a t  

rewards, t o  determine whether t h e  hypotheses about Martian l i f e  

are c o r r e c t .  

.- I 



111-5 

111.3. Atmospheric Science 

The e n t r y  experiments will 

p r o f i l e s  through t h e  atmosphere 

provide composition and temperature 

This should be s u f f i c i e n t  t o  answer 

f i r s t - o r d e r  ques t ions  concerning upper atmosphere photochemistry 

and r a d i a t i v e  d i s t r i b u t i o n s  of heating and cool ing .  The o r b i t e r  

MAWD (Mars Atmospheric Water Detector) experiment w i l l  d e f i n e  t h e  

p l ane ta ry  d i s t r i b u t i o n  of w a t e r  vapor and temporal changes. 

f o r t u n a t e l y ,  t h e r e  w i l l  be no d i r e c t  de te rmina t ion  of w a t e r  vapor 

c i r c u l a t i o n ,  because t h e r e  is no thermal  sounding experiment from 

which f low can be  deduced. 

l ande r  w i l l  measure wind, temperature, and p res su re .  A time record 

of cond i t ions  a t  two p o i n t s  on t h e  p l a n e t  w i l l  t h u s  be w e l l  de- 

f i n e d ,  dur ing  one Martian season. 

ground t r u t h  needed f o r  i n t e r p r e t a t i o n  of d a t a  bear ing  on circula- 

t i o n  obtained by o r b i t e r s  o t h e r  than Viking. 

cameras w i l l  show cloud formations which .we know from Mariner 9 

exper ience  can provide much q u a l i t a t i v e  informat ion  concerning 

c i r c u l a t i o n  and which are of i n t e r e s t  themselves. The major l ack ,  

as f a r  as Viking and atmospheric s c i ence  are concerned, - is  g loba l  

Un- 

The meteorology experiments on t h e  

This w i l l  p rovide  e s s e n t i a l  

The o r b i t e r  TV 

coverage of thermal s t r u c t u r e  v a r i a t i o n s  and of ozone v a r i a t i o n s .  

. 111 e 4. Geological  Science 

Viking w i l l  p rovide  u s  w i t h  our f i r s t  "on t h e  ground" view of 

Mars. 

c r i t i c a l l y  important sub jec t s :  

A t r i o  of geo log ica l  i n v e s t i g a t i o n s  w i l l  explore  t h r e e  

t h e  morphology of t h e  su r face ,  t h e  
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. -  

chemistry of t h e  s o i l ,  and t h e  phys ica l  s t r u c t u r e  of t h e  i n t e r i o r .  

Lander p i c t u r e s  will provide information regarding those  processes 

which are (or w e r e )  important i n  modifying t h e  surface: e o l i a n  

e ros ion  and depos i t ion ,  - meteroid impact comminution, vulcanism, 

and f l u v i a l  a c t i v i t y .  The inorganic  a n a l y s i s  by X-ray f luo res -  

cence techniques w i l l  d i r e c t l y  determine t h e  major elemental com- 

p o s i t i o n  of sur face  materials. By i n t e r p r e t a t i o n  i t  w i l l  provide 

c l u e s  regarding c r u s t a l  composition and t h e  degree of d i f f e r e n t i a -  

t i o n ,  e i t h e r  by igneous processes  o r  by chemical weathering. The 

seismic inves t iga t ion  w i l l  supply information concerning t h e  f r e -  

quency and magnitude of "Marsquakes" and poss ib ly  d a t a  regard ing  

Mars' i n t e r n a l  s t r u c t u r e .  Deta i led  p i c t u r e s  of l a r g e  areas taken 

from t h e  o r b i t e r  and coupled w i t h  I R  radiometer d a t a  w i l l  provide 

a v i e w  of the s u r f a c e  s i g n i f i c a n t l y  b e t t e r  than t h a t  which Mariners 

have obtained. Lander i n v e s t i g a t i o n s  w i l l  provide t h e  "ground 

t r u t h "  po in t s  requi red  f o r  a r a t i o n a l  ex t r apo la t ion  of d a t a  ob- 

t a ined  from these  o r b i t a l  p i c t u r e s .  

111.5. Magnetic and Phys ica l  P r o p e r t i e s  of Surface 

Using a magnet, a magnifying mi r ro r ,  and photography, i t  w i l l  

be p o s s i b l e  t o  determine t h e  presence o r  absence of ferromagnet ic  

p a r t i c l e s  on the sur face .  Combining t h i s  wi th  o ther  d a t a ,  some 

gene ra l  ideas  of t h e  state of ox ida t ion  can be  learned. 

p r o p e r t i e s ,  a c l u e  t o  formative processes ,  can be i n f e r r e d  by 

measuring the f o r c e  r equ i r ed  during s o i l  digging, observing t h e  

Phys ica l  
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l anding  "foot p r i n t s , "  and performing rock-drop tests wi th  t h e  

sampling arm. 

Knowledge of t h e  geochemistry of Mars i s  fundamental f o r  

developing i t s  h i s t o r y .  A p r i n c i p a l  i n v e s t i g a t i o n  t h a t  i s  not 

be ing  performed is t h e  determinat ion of t h e  minero logica l  composi- 

t i o n  from which t o  make more conclusive deduct ions lead ing  t o  

understanding t h e  thermal events and o ther  p l a n e t o l o g i c a l  c r u s t a l  

phenomena. 

111.6. Radio Science 

Data from t h e  r a d i o  and radar  systems are t o  be used t o  make 

de te rmina t ions  of t h e  Mars g r a v i t a t i o n a l  f i e l d ,  axis of r o t a t i o n ,  

ephemeris, shape of t h e  planet, atmospheric s t r u c t u r e ,  ionosphere,  . 

the n a t u r a l  satellites, and su r face  p r o p e r t i e s .  It w i l l  a l s o  a i d  

in  l o c a t i n g  t h e  lander ,  performing r e l a t i v i t y  s t u d i e s ,  and i n  

s tudy ing  t h e  i n t e r p l a n e t a r y  medium and t h e  s o l a r  corona. 

111.7. Viking 1975 "Non-f indings" 

The previous s e c t i o n s  of t h i s  Chapter have d e a l t  mainly wi th  

t h e  s c i e n t i f i c  ob jec t ives  of t he  i n v e s t i g a t i o n s  which form t h e  pay- 

load  of t h e  Viking 1975 mission. It should be noted, however, t h a t  
- 

t h e r e  are c e r t a i n  measurements which Viking w i l l  no t  b e  making o r  

which can be improved upon. These %on-findings" w e r e  considered 

du r ing  development of t h e  post-Viking exp lo ra t ion  s t r a t e g y .  Ex- 

amples inc lude :  no magnetic f i e l d  measurements, l i m i t e d  upper 

atmosphere mass spectrometry, l imi t ed  seismometer range, absence 
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of 

no 

atmospheric thermal mapping, no low orbit  gravity measurements, 

near I R  data from orbiter,  l i m i t e d  surface geochemistry, and 

l i m i t e d  b iosens i t iv i ty  . 



CHAPTER I V  

MARS MISSION OPTIONS AND CAPABILITIES 

The p lane tary  advanced s t u d i e s  program has included a s tudy  

of t h e  Mars mission op t ions  following t h e  1975 Viking Orbiter/Lander 

Mission. 

Viking era, t h e  mission opt ions  have been ex tens ive ly  reviewed and 

t h i s  chapter  of t h e  r e p o r t  summarizes t h e  e s s e n t i a l  r e s u l t s  of t h e  

s t u d i e s .  

Shor t  d e s c r i p t i o n s  of each opt ion are presented i n  Appendix I. 

a d d i t i o n ,  an overview and assessment of t h e  on-going Suppcrt ing 

In  formulat ing a Mars exp lo ra t ion  program i n  t h e  post-  

The Mars mission opt ions considered are given i n  Table IV-1 .  

I n  

Research and Technology (SRbT) i n  t h e .  s c i e n t i f i c  d i s c i p l i n e s  which 

suppor t  t h e  ob jec t ives  of t h e  Mars Explorat ion Program are presented 

i n  Appendix 11. 

I V . l .  Mission Analyses 

Launch oppor tun i t i e s  t o  Mars occur approximately every two 

3 
2 2 years .  The e a r t h  launch energy (C - km /sec ) requi red  f o r  each 

oppor tuni ty  from 1975 through 1988 i s  shown i n  Fig.  IV-1.  For 

r e fe rence ,  t h e  Viking 1975 requirement i s  indica ted .  Attendant  

w i t h  t h e  e a r t h  launch energy i s  t h e  approach v e l o c i t y  of a space- 

c a r f t  a t  Mars. This  d a t a ,  shown i n  Fig.  IV-2, i s  a key in f luence  

i n  performing t h e  t r a d e o f f s  r e l evan t  t o  o r b i t a l  s i z i n g .  Missions 

t o  Mars designed t o  e n t e r  and land on a d i r e c t  t r a j e c t o r y  would 

have t o  be  designed t o  m e e t  t h e  d i r e c t  e n t r y  v e l o c i t y  requirements 

shown i n  Fig. IV-3.  
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Orbiters 

Probes 

Landers 

TABLE IV-1 

MARS MISSION OPTIONS 

Sample return 

S a t e l l i t e  missions 

Pioneer long- l i fe  
Mars Orbiting Sc ient i f i c  Station (MOSS) 
Viking long- l i fe  

Capsule System Advanced Development (CSAD) 
Penetr met er 

Viking 
Viking plus tethered rover 
Autonomous rover 

Mar 6 

Phobos/Deimos 
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The s i z e  of spacec ra f t  de l ivered  t o  Mars i n  any given oppor- 

t u n i t y  is a func t ion  of t h e  launch v e h i c l e  c a p a b i l i t y .  

=f th i s  reper t ,  the  fg l lvz icg  ~ t _ = b l ~ _  nf l g i ~ f i d ~  vehicles has been 

as sumed : 

For purposes 

1. Titan 111 E/Centaur, 1974-1984. 

2. Shut t le /Centaur  or Shutt le /Dual  Transtage,  1981-1986. 

3 .  Shuttle/Recoverable Tug, 1984-1988. 

Graphs of t h e  e a r t h  in j ec t ed  payload mass t o  Mars f o r  t h e  assumed 

s t a b l e  of launch v e h i c l e s  are shown i n  Fig. IV-4. For an o r b i t e r  

mission,  t h e  i n j e c t e d  payload m u s t  fnclude a retro propuls ion 

sys t em. to  brake t h e  spacec ra f t  i n t o  the des i r ed  Mars o r b i t .  

s i z e  of t h e  propuls ion system i s  a func t ion  of t h e  spacec ra f t  

m a s s  and o r b i t  c h a r a c t e r i s t i c s .  For a synchronous o r b i t  a t  Mars 

such as Viking is  planning (24.6 hr per iod)  t h e  approximate mass 

t h a t  can be  in se r t ed  by the  assumed s t a b l e  of launch vehicles is  

g iven  i n  Fig.  IV-5. 

mass i n  o r b i t .  

The 

Shorter  period o r b i t s  w i l l  reduce t h e  n e t  

For Mars lander  missions,  l a t i t u d e  a c c e s s i b i l i t y  i s  a key 

planning element. The range of l a t i t u d e s  a c c e s s i b l e  f o r  nominal 

launch condi t ions ,  assuming landing occurs  a t  least 15' from t h e  

te rmina tor  and consider ing no aps ida l  r o t a t i o n ,  i s  shown i n  Fig.  

IV-6 f o r  t h e  launch years  of i n t e r e s t .  Areocentr ic  l a t i t u d e s  of 

the sun and earth are indica ted  i n  t h e  legend. 

The landed payload mass i s  cons t ra ined  by many i n t e r r e l a t e d  

miss ion  a n a l y s i s  f a c t o r s .  Predominant among these  f a c t o r s  are e n t r y  
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v e l o c i t y ,  aerodece lera tor  performance, terminal descent propuls ion 

performance and t h e  d e s i r e d  landing v e l o c i t y .  

such as Li f t /Drag  r a t i o ,  parachute  diameter and a e r o s h e l l  diameter 

are t raded  t o  op t imi t e  landed weight. Entry v e l o c i t y  i s  reduced 

by s e v e r a l  km/sec below t h a t  shown i n  Fig. IV-3 f o r  out-of-orbit 

en t ry .  

Design parameters 

- 

This c o n t r i b u t e s  toward increased landed weight. 

Of t h e  mission op t ions  considered, sample r e t u r n  from Mars 

i s  t h e  most demanding from an energy viewpoint. 

on Mars must i nc lude  t h e  c a p a b i l i t y  t o  l i f t - o f f  from t h e  su r f ace  and 

r e t u r n  t o  ea r th .  

e a r t h  arrival are s h o m  i n  Fig. IV-7. Sample r e t u r n  spacec ra f t  

The landed weight 

Veloc i ty  requirements f o r  Mars depa r tu re  and 

from Mars-must be designed t o  accommodate t h e s e  v e l o c i t i e s .  

e a r t h  arrival, t h e  r e t u r n  system can be i n s e r t e d  i n t o  e a r t h  o r b i t  

A t  

f o r  recovery o r  it may e n t e r  on a d i r e c t  e n t r y  t r a j e c t o r y .  - 

Numerous Mars miss ions  are poss ib l e  i n  t h e  post-Viking era. 

With t h e  advent of t h e  S h u t t l e  i n  t h e  1980's, Viking-class payloads 

can  be de l ive red  t o  Mars dur ing  t h e  high energy yea r s  1983-1986. 

IV.2. Building Blocks f o r  Mars Explorat ion 

An e s s e n t i a l  requirement i n  t h e  development of an exp lo ra t ion  

program is  to arrange a mission set so t h a t  t h e  information 

acquired from one mission can be used t o  develop o b j e c t i v e s  f o r  

succeeding missions. Th i s  d e s i r e  t o  maximize s c i e n t i f i c  feedback 

must, however, be modulated by t h e  realities of celestial mechanics, 

launch veh ic l e  c a p a b i l i t i e s  and f i s c a l  c o n s t r a i n t s .  Considerat ion 



of t h e s e  elements i n  program development l e a d s  t o  t h e  philosophy 

t h a t  s p e c i f i c  missions should b e  accomplished wi th  a minimum num- 

ber  of spacec ra f t  bu i ld ing  blocks. 

spacec ra f t  i s  requi red ,  wi th  technologica l  advancement occurr ing  

i n  an  evolu t ionary  manner from mission t o  mission. 

Maximum u t i l i z a t i o n  of e x i s t i n g  

Two b a s i c  bu i ld ing  blocks now e x i s t  f o r  f u t u r e  Mars explora t ion :  

t h e  Mariner family and t h e  Viking Orbiter/Lander.  

7 have completed f lyby  missions and Mariner 9 r e c e n t l y  completed a 

1 year  o r b i t a l  mission. The Viking is scheduled t o  o r b i t  and land 

i n  1976. 

Mariners 4 ,  6 and 

Other p o t e n t i a l  bu i ld ing  b locks  f o r  a Mars program are t h e  - 
Pioneer  Venus spacec ra f t ,  ehe CSAD (Capsule System Advanced Develop- 

ment) capsule  and t h e  semi-autonomous rover .  These bu i ld ing  blocks 

are i n  varying states of development, ranging from t e c h n i c a l  f e a s i b i l -  

i t y  s t u d i e s  t o  f e a s i b i l i t y  hardware models. 

This  composite of bu i ld ing  blocks forms the  bases  f o r  t h e  develop- 

ment of an  ex tens ive  and cos t - e f f ec t ive  program of Mars explora t ion .  

a. The Mariner Family 

Mariner i s  a generic  name f o r  a series of spacec ra f t  t h a t  

have been flown t o  Mars and Venus and a r e - c u r r e n t l y  scheduled t o  go 

a l s o  t o  Mercury, J u p i t e r  and Saturn.  Mariners are three-axis  sta- 

b i l i z e d  spacec ra f t ,  capable  of ca r ry ing  s i z e a b l e  sc i ence  payloads 

and p r e c i s e l y  poin t ing  t h e  instrumentat ion.  During cr i t ical  or ien-  

t a t i o n  per iods ,  gyro s t a b i l i z a t i o n  i s  provided. Other f e a t u r e s  
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inc lude  high d a t a  rates and s torage ,  programmable on-board computers 

and excellent naviga t ion  performance, through t h e  combined use  of 

r a d i o  and on-board o p t i c a l  measurements. 

Mars w a s  launched on November 28, 1964. 

success fu l  f lybys of Mars, Mariner 6 and Mariner 7, on Ju ly  31, 1969 

and August 5, 1969, r e spec t ive ly .  

The i n i t i a l  Mariner t o  

This w a s  followed by two 

The missions of Mariners 6 and 7 w a s  focused on obtaining in fo r -  

mation about the  Martian sur face  and atmosphere. 

ments w e r e  car r ied  and t h e  Mars encounter science instruments ,  

weighing 59 kg and mounted on the  s t e e r a b l e  scan platform,  w e r e :  

(a).wide-angle and narrow angle  cameras, (b) i n f r a r e d  radiometer,  

No c r u i s e  i n s t r u -  

( c )  u l t r a v i o l e t  spectrometer atld (d) i n f r a r e d  spectrometer.  The 

spacec ra f t s  c l o s e s t  approach a t  Mars was approximately 3220 km and 

t h e  wide-angle and narrow-angle TV cameras showed areas of Mars 

about 1000 x 1000 lan ( d e t a i l s  approximately 3 km) and 100 x 100 km 

( d e t a i l s  approximately 300 m), respec t ive ly .  

Mariners 6 and 7 weighed.380 kg, communicated 2000 times f a s t e r  

than  Mariner 4 at  a maximum b i t  rate of 16,200 

a b i l i t y  t o  s t o r e  1.8 x lo8 b i t s  of da t a .  

t hese  spacecraf t  w a s  t h e  use  of a programmable computer on board, 

bps and had t h e  

A major new f e a t u r e  of 

wi th  a memory capac i ty  of 128 words. 

spacecraf t  were 1.8 y r s  and 2.2 y r s ,  r e spec t ive ly .  

Actual l i f e t i m e s  of the 

These missions were succeeded by Mariner 9 which w a s  i n s e r t e d  

i n t o  a 1 2  h r  o r b i t  on November 1 4 ,  1972. 70 kg of instruments  w e r e  
- .  
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. 

c a r r i e d  on-board t h e  435 kg spacec ra f t  (excluding r e t r o  propuls ion) ,  

including:  (a )  wide-angle and narrow-angle TV cameras, (b) i n f r a r e d  

radiometer, (c )  u l t r a v i o l e t  spectrometer and (d) i n f r a r e d  i n t e r -  

ferometer  spectrometer .  Mariner 9 t r ansmi t t ed  7,329 T V p i c t u r e s  of 

Mars and Phobos and Deimos during i t s  o r b i t a l  l i f e t i m e  of 349 days. 

A complete photographic map of Mars was  obtained and t h e  t o t a l  

science d a t a  received from Mariner 9 exceeded t h e  t o t a l  from t h e  

three previous Mariners by a f a c t o r  of 2 5 .  

c a p a b i l i t y  were similar t o  Mariners 6 and 7. 

is  shown in Fig. IV-8. 

Data rates and s t o r a g e  

A photograph of Mariner 9 

b. 1975 Viking Orbiter/Lander Mission 

The National  Aeronautics and Space Adminis t ra t ion is. * 

scheduled t o  launch two spacec ra f t  t o  Mars i n  1975 t o  o r b i t  t h e  

p l a n e t  and sof t - land on t h e  sur face  t o  s i g n i f i c a n t l y  advance know- 

ledge  of t h e  p l ane t  wi th  emphasis on determining i f  l i f e  once 

e x i s t e d ,  i s  p resen t ,  o r  might develop. 

The previous Mariner Mars f l i g h t s  have suppl ied most of t h e  

Martian d a t a  which permit us t o  p l an  and des ign  t h e  Viking mission. 

These d a t a  inc lude  atmospheric composition, atmospheric s t r u c t u r e ,  

s u r f a c e  e l eva t ions ,  atmosphere and s u r f a c e  temperatures,  topography, 

f i g u r e  of t h e  p l ane t ,  and ephemeris information.  

Mariners have a l s o  supplied much experience i n  conducting an  

o r b i t a l  mission, i n s e r t i n g  a spacec ra f t  i n t o  p lane tary  o r b i t ,  and 

process ing  l a r g e  q u a n t i t i e s  of d i g i t a l  da ta .  The design of t h e  
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Viking o r b i t e r  is based on t h e  Mariner s p a c e c r a f t ,  wi th  many of t h e  

subsystems being nea r ly  i d e n t i c a l .  

I n  sepa ra t e  launches spaced a t  least 10 days a p a r t ,  two T i t an /  

Centaur launch v e h i c l e s  w i l l  l i f t  off  from Cape Kennedy and i n i t i a t e  

t h e  Viking journey t o  Mars. 

Centaur, t h e  o r b i t e r  o r i e n t s  and s t a b i l i z e s  by using t h e  sun and 

Canopus f o r  c e l e s t i a l  re fe rence .  

- 
Shor t ly  a f t e r  s epa ra t ing  from t h e  

During t h e  journey, t r a j e c t o r y  f l i g h t  pa th  co r rec t ions ,  i f  

needed, w i l l  be based on naviga t ion  information acquired from ea r th -  

based t r ack ing  and performed- by f i r i n g  t h e  o r b i t - i n s e r t i o n  engine. 

T h e  o r b i t e r ,  powered by a combination of s o l a r  pane ls  and 

b a t t e r i e s ,  w i l l  f u r n i s h  e l e c t r i c  power t o  t h e  lander  u n t i l  they 

separate a t  the  p lane t .  

teries which will be charged during Mars s u r f a c e  ope ra t ions  by 

two rad io i so tope  thermoelec t r ic  genera tors  (RTGs). 

The lander  has a set of rechargeable  bat-  

Information concerning f l i g h t  performance is t ransmi t ted  t o  

e a r t h  throughout t h e  f l i g h t .  

a l l  spacec ra f t  ope ra t ions  and s u p p l i e s  commands for t r a j e c t o r y  cor- 

r e c t i o n s .  Communication wi th  Viking w i l l  take longer and longer as 

t h e  spacec ra f t  g e t s  f a r t h e r  away from e a r t h .  

t r i p  minimum of 40 minutes w i l l  pass. 

is e s s e n t i a l .  Operat ions t h a t  cannot be i n t e r r u p t e d ,  such as t h e  

s o f t  landing, w i l l  be performed completely au tomat i ca l ly  by an 

onboard preprogrammed computer. 

An onboard o r b i t e r  computer c o n t r o l s  

A t  Mars, a round 

For t h i s  reason, automation 
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As the spacec ra f t  nears the  p l a n e t  (each spacec ra f t  arrives 

a t  a d i f f e r e n t  t ime),  it i s  maneuvered i n t o  t h e  proper a t t i t u d e  

f o r  being placed i n  o r b i t .  

hour t o  place t h e  combined o r b i t e r  and lander  i n  a h ighly  e l l i p t i c a l  

o r b i t  of 1,500 km by 33,000 lan which has a period of approximately 

24 hours t o  match Mars' period of r o t a t i o n .  

The s p a c e c r a f t  w i l l  be tracked f o r  a t  least 10 days a f t e r  

The engine w i l l  be f i r e d  f o r  nea r ly  an 

achieving o r b i t  t o  g e t  d e t a i l e d  information necessary t o  achieve  

a p r e c i s e  landing  as w e l l  as check o u t  p re se l ec t ed  landing sites. 

Mission c o n t r o l l e r s  w i l l  have a t o t a l  of 50 days, i f  necessary,  t o  

f u r t h e r  s tudy  t h e  p l ane t  t o  confirm optimum landing sites. 

The f i r s t  Viking l ande r  i s  scheduled t o  land on J u l y  4, 1976. 

The prime landing  s i te  is  i n  t h e  r eg ion  c a l l e d  Chryse near t h e  north-  

east end of t h e  v a s t  5,000 km r i f t  canyon t h a t  makes a r eve r se  

S-shaped curve a c r o s s  t h e  Martian Equator. 

are 19.5*N and 34'W. 

t i o n  c a l l e d  Cydonia. 

h ides  t h e  Mart ian nor thern  polar cap dur ing  win ter .  

coord ina tes  are 44.3'N and 1OoW. 

Coordinates of t h e  s i te  

The second prime landing s i t e  i s  i n  t h e  loca-  

It is at t h e  f r i n g e  of t h e  cloud bank t h a t  

The Cydonia 

- 

When t h e  landing  sequence i s  i n i t i a t e d ,  t h e  l a n d e r ' s  power i s  

turned on, and t h e  lander  wi th in  i t s  a e r o s h e l l  separates from t h e  

o r b i t e r .  

c a t i o n  wi th  t h e  o r b i t e r ,  which serves as a r e l a y  s t a t i o n  between 

t h e  lander  and e a r t h .  

t h e  lander  a t  about 6,000 m above t h e  su r face .  

During descent  and landing, t h e  lander  maintains  comuni-  
b 

A parachute is deployed t o  f u r t h e r  d e c e l e r a t e  

Shor t ly  t h e r e a f t e r ,  
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the aeroshell is jettisoned. 

and the terminal propulsion system begins firing its three engines. 

The engines, firing 5 to 10 minutes, slow the lander for a soft 

landing and shut down just as the foot pads touch the surface. 

The parachute is jettisoned later, 

The Viking lander science, weighing about 91 kg including 8 kg 

of science on the aeroshell, is divided into two areas of investiga- 

tions; those made during the atmospheric entry phase prior to land- 

ing and those made on the Martian surface, Entry data will provide 

information on the upper atmosphere ion concentrations and composi- 

tion and on the pressure, temperature, and density of the lower 

atmosphere. The lander science investigations and instruments . 

are shown in Table IV-2. 

While experiments are proceeding on the surface, the Viking 

orbiters will be passing overhead, observing the landing site so 

that local measurements made by the landers may be correlated with 

overall surface effects. Typical conditions to be searched for by 

the orbiters include the buildup of dust storms, variations in 

temperature and humidity, and the passage of the seasonal wave of 

darkening. The Viking orbiters each carry about 68 kg of instru- 

ments consisting of two high-resolution television cameras, an 

infrared spectrometer and an infrared radiometer. 

_- 

The orbiter/lander spacecraft configuration is shown in Fig. 

IV-9. Mass of the orbiter is 730 kg exclusive of the retro pro- 

pulsion system and science experiments. It has a minimum design 

. I  

+ .  
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TABLE IV-2 

LANDER SCIENCE AND INSTRUMENTS 

Biology 

Molecular Analysis 

Imaging 

Meteorology 

Inorganic Chemistry 

Seismology 

Magnetic Properties 

Physical Properties 

3 Metabolic Analyses 

Gas Chromatograph and Mass Spectrometer - 

2 Cameras (Stereo, IR, and Color Capability) 

Pressure, Temperature, Wind, Sensors 

X-Ray Fluoresence Spectrometer 

3-Axis Seismometer 

2 Magnet Arrays and Magnifying Mirror 

Cameras, Sensors and Surface Sampler 

. .  
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l i f e t i m e  of 1 6  months. Mass of t h e  lander  is 1006 kg a t  o r b i t e r  

s e p a r a t i o n  and 576 kg on t h e  sur face .  Its des ign  l i f e t i m e  is  90 

days. The Viking landed conf igu ra t ion  i s  given i n  Fig.  IV-10. 

More d e t a i l  on t h e  Viking mission, s c i ence  and spacec ra f t  charac te r -  

ist ics can be found elsewhere ( the  Viking Missions t o  Mars, 1972). 
- 

The Mariner f l i g h t s '  have provided t h e  l o g i c a l  incremental  

s t e p s  i n  t h e  explora t ion  of Mars which had t o  precede Viking, j u s t  

as Viking is a necessary pre lude  t o  eventual sample r e t u r n ,  auto- 

mated roving  veh ic l e s  and poss ib l e  manned missions t o  Mars. 

C. 

Pioneer  Venus bu i ld ing  blocks f o r  Mars missions w i l l  be based 

Pioneer Venus Orbi te r  o r  Probe Carrier 

on t h e  common s p a c e c r a f t  being designed f o r  Venus. 

bus and o r b i t e r  spacec ra f t  w i l l  be cons t ruc ted  by modifying t h e  

The Venus probe 

common design t o  match t h e  requirements of each mission. 

a Mars probe bus o r  o r b i t e r  can be  cons t ruc ted  by modifying t h e  

S imi l a r ly ,  

Venus common des ign  (Figure IV-11). 

The Pioneer Venus program is about t o  begin the d e t a i l e d  

des ign  and cons t ruc t ion  of hardware. 

Congressional approval i n  M 1975 and launch two spacec ra f t  t o  Venus 

i n  1978. 

Venus dur ing  any f u t u r e  launch opportuni ty  f o r  fo l low on missions.  

The program p lans  t o  r ece ive  

The program can be extended t o  launch a s p a c e c r a f t  t o  

The Pioneer Venus missions w i l l  use  a common spacec ra f t  design. 

The common design i s  a s p i n  s t a b i l i z e d ,  s o l a r  c e l l  powered space- 

c r a f t .  

t i o n s ,  d a t a  handling, s t r u c t u r e ,  propulsion, and thermal  c o n t r o l  

It includes power condi t ion ing ,  a t t i t u d e  c o n t r o l ,  comunica-  

a -  

' .  
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subsystems. For t h e  Venus en t ry  probe mission, t h e  common design 

i s  modified by adding experiments, probe mounting hardware, antennas, 

and the e n t r y  probes. For t h e  Venus o r b i t e r  mission, t h e  common 

des ign  i s  modified by adding experiments, a d a t a  s t o r a g e  u n i t ,  a 

s o l i d  p rope l l an t  r e t r o  motor, and antennas ( inc luding  a h igh  gain . 
despun antenna).  

For Mars missions,  t h e  Pioneer Venus common des ign  must be 

modified t o  func t ion  in t h e  Mars environment. The modi f ica t ions  

w i l l  include: increased  s o l a r  c e l l  area t o  provide t h e  same amount- 

of power and a changed thermal c o n t r o l  subsystem t o  keep t h e  space- 

c r a f t  warm. For a Mars e n t r y  probe mfssion, t h e  s p a c e c r a f t  w i l l  . 

also need experiments, probe mounting hardware, antennas,  and the  

e n t r y  probe. For a Mars o r b i t e r  mission, t h e  s p a c e c r a f t  w i l l  need 

o r b i t e r  experiments, a d a t a  s to rage  u n i t ,  a r e t r o  motor, and antennas. 

Table  IV-3 d e s c r i b e s  experiment support c a p a b i l i t i e s  of Pioneer 

Venus spacec ra f t  modified f o r  Mars Missions. 

The Mars o r b i t e r  spacec ra f t  can use  t h e  same s o l i d  p rope l l an t  

r e t r o  motor as Venus o r b i t e r  missions. The Mars o r b i t e r  can bene- 

f i t ,  however, from modest i nc rease  i n  t h e  p rope l l an t  load  t o  reduce 

t h e  o r b i t  period. F igu re  IV-12 shows how increased  r e t r o  propel- 

l a n t  can be used t o  reduce  t h e  o r b i t  pertod. 

a. CSAD 

In January of 1967, JPL undertook t h e  des ign  and develop- 

ment of a Mars p lane ta ry  e n t r y  and landing system (JPL Document 
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TABLE IV-3. Experiment Support Capabilities of 

Modified Pioneer Venus Spacecraft 

Mars Entry Probe Mars Orbiter 

Experiment Weight 450 kg of Probes 
15 kg on Bus 

Power 25W 

Spin Axis Pointing 
Accuracy 

Data Transmission 

Data Storage 

Experiment Weight 

Power 

Spin Axis Pointing 
Accuracy 

Data Transmission 

Data Storage 

35 kg 

52H 

lo lo 

400-2000 BPS 400-2000 BPS 

- - - - - ,  . 400,000 Bits 

. I  
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No. 760-29, 1968) designated Capsule System Advanced Development 

(CSAD). A func t iona l  f e a s i b i l i t y  model of t h e  capsule  w a s  b u i l t  

and suhjected t o  a series of func t iona l  and environmental tests, 

inc luding  hea t  s t e r i l i z a t i o n  and a simulated Mars landing impact 

test. 

The capsule  developed weighed 170 kg and c a r r i e d  t h e  following 

science instruments:  a mass spectrometer,  an aeronomy package, a 

radiometer  and water vapor de tec tor  t o  be used during atmospheric 

e n t r y ;  a gas  chromatograph, a meteorology package, inc luding  a wind 

instrument  t o  be used on t h e  planetary su r face  over one d i u r n a l  

per iod .  Af t e r  hea t  s t e r i l i z a t i o n ,  t h e  lander  survived impact tests 

which produced a v e r t i c a l  impact speed of 4 1  m/sec, t h e  maximum 

expected dur ing  a Mars landing, and a g-level of  2500 g's .  

The capsule  descends t o  the  su r face  on a parachute  and c o l l e c t s  

and t r ansmi t s  real-time science and engineering d a t a  t o  the  f lyby  

or o r b i t e r  spacec ra f t  u n t i l  impact. Upon landing,  t h e  r a d i o  begins  

t o  transmit d i r e c t l y  t o  e a r t h  wind, pressure ,  temperature and water 

vapor measurements, and an atmospheric compositional a n a l y s i s .  

the  end of a designated period, t h e  lander  i s  turned of f  and re- 

a c t i v a t e d  t h e  following day. 

of b a t t e r y  capac i ty .  

A t  

In th i s  design,  l i f e t i m e  i s  a func t ion  

The CSAD is an example of a surv ivable  Tmpact probe t h a t  could 

be  de l ive red  t o  Mars f o r  purposes of conducting spec ia l i zed  s c i e n t i f i c  

i n v e s t i g a t i o n .  

broad t o  incorpora te  t h e  newly acquired knowledge of Mars. 

The design c h a r a c t e r i s t i c s  of CSAD w e r e  s u f f i c i e n t l y  
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l 

e. Semi-Autonomous Rover 

This p o t e n t i a l  bu i ld ing  block has least amount of suppor t ing  

t e c h n i c a l  d e t a i l ,  since only  f e a s i b i l i t y - l e v e l  s t u d i e s  have been 

performed. 

prime c h a r a c t e r i s t i c s  of t h e  semi-autonomous rover are: 

500 kg. (b) sur face  l i f e t i m e  - 1 year ,  (c) range c a p a b i l i t y  - 1000 km 

and (d) sc ience  payload a l l o c a t i o n  - 50 kg. 

From these  s t u d i e s  (JPL Document No. 760-58, 1970), the 

(a) m a s s  - 
- 

The sc ience  payload might c o n s i s t  of imaging (both v id i con  and 

facsimile), biology, inorganic  and organic ana lys i s ,  meteorology and 

seismometry. Several advantages of t h e  rover  are t h a t  it has  t h e  

. a b i l i t y  t o  escape t h e  immediate (possibly contaminated) landing  s i te ,  

t o  s c i e n t i f i c a l l y  explore  many sites during i t s  traverse, t o  reach  

s p e c i f i c  l oca l i zed  areas of high i n t e r e s t ,  and t o  deploy s m a l l ,  

independent science packages f o r  spec ia l i zed  i n v e s t i g a t i o n  a t  

s p e c i f i e d  loca t ions .  

Del ivery of t h e  semi-autonomous Mars rover  t o  t h e  s u r f a c e  would 

be accomplished by a Viking-derivat ive landing system. 

t h e  rover  would be such t h a t  "routine" dec i s ions  concerning pa th  

s e l e c t i o n  and c o n t r o l  would be  made on-board, without  earth-based 

i n t e r v e n t i o n ,  t o  e f f i c i e n t l y  ope ra t e  during t h e  large round t r i p  

communications time delay a t  Mars and the l i m i t e d  Mars-earth 

communication v i s i b i l i t y  per iods .  

avoid t h e  a r t i c u l a t i o n  and environmental problems l i k e l y  t o  be  en- 

countered with solar panels. All motion c o n t r o l  r e l a t e d  f u n c t i o n s  

would be  in t eg ra t ed  i n t o  a c e n t r a l i z e d  c o n t r o l  and d a t a  handl ing 

system. 

Design of 

RTG power would be u t i l i z e d  t o  
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IV.3. Mission Options 

Table I V - 1 . l i s t e d  some mission opt ions  which have been s t u d i e d  

during +veivpueiLt of strategy for  cL- L A 1 S  C V l l L A . & A u L - U  -r..c;....nrl exploratior? cf M f r S  

fol lowing Viking 1975. Detailed d e s c r i p t i o n s  of each mission opt ion  

are presented i n  Appendix I. Included are d e t a i l s  concerning mission 

o b j e c t i v e s ,  launch v e h i c l e s  , l i f e t i m e s ,  candida te  payload instrumenta- 

t i o n ,  weight c o n s t r a i n t s ,  and s p a c e c r a f t  c h a r a c t e r i s t i c s  and configu- 

r a t i o n .  The c a p a b i l i t i e s  afforded by each of t h e s e  opt ions  i n  terms 

of t h e  s c i e n t i f i c  o b j e c t i v e s  of Mart ian exp lo ra t ion  w e r e  c a r e f u l l y  

considered i n  developing t h e  s t r a t e g y  which i s  descr ibed i n  t h e  follow- 

ing  two chapters .  

. a  
. .  

IV.4. Ins t rumenta t ion  

Future  sc ience  r e t u r n  from Martian exp lo ra t ion  will depend 

s t r o n g l y  upon t h e  progress made i n  supporting Research and Tech- 

nology (SR&T) programs aimed a t  advanced s c i e n t i f i c  ins t rumenta t ion  

development. These programs play a key r o l e  i n  t h e  formulat ion of 

s c i ence  ob jec t ives  which extend t h e  expanse and depth of i nves t iga -  

t i o n  a t  a p a r t i c u l a r  t a r g e t .  Beginning wi th  a base of instrumenta- 
- 

t i o n  t h a t  w a s  flown on Mariner 9 and which w i l l  be flown on t h e  Viking 

mission, t h e  e x i s t i n g  SRCT e f f o r t s  i n  p l ane ta ry  biology and plane- 

to logy  app l i cab le  t o  f u t u r e  Martian exp lo ra t ion  w e r e  examined. 

Appendix I1 con ta ins  d e s c r i p t i o n s  of a number of b i o l o g i c a l  and 

geo log ica l  ins t ruments  which a r e  being developed f o r  f u t u r e  Mars 

miss ions  under t h e  e x i s t i n g  SR&T program. Some of t h e s e  e f f o r t s  
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are devoted t o  improving t h e  s c i e n t i f i c  r e t u r n  of e x i s t i n g  instruments,  

while o t h e r s  represent  new developments geared t o  answer new ques t ions  

about Mars . 
All of the instruments under development relate d i r e c t l y  t o  many - 

of t h e  s c i e n t i f i c  ob jec t ives  de l inea ted  i n  Chapter I. For example, 

SR&T funding i n  p lane tary  biology is aimed a t  pursuing t h e  l i f e -  

organic  compound questions.  Viking w i l l  do t h e  f i r s t  genera t ion  

a n a l y s i s ;  t h a t  is, it can t e l l  us i f  l i f e  and organic molecules are 

present .  However, i t  w i l l  not provide a g r e a t  d e a l  of information 

on t h e  na ture  and d i s t r i b u t i o n  of t h e  l i f e  and organic molecules 

presant .  Therefore, second genera t ion  experiments are being developed 

which w i l l  cha rac t e r i ze  l i f e  forms, and which w i l l  i d e n t i f y  t h e  kinds 

and amounts of  organic molecules found and determine t h e i r  r e l a t i o n -  

s h i p ,  i f  any, t o  l i f e  processes.  

S imi la r ly ,  ins t rumenta t ion  under development i n  planetology 

inc ludes  one which i s  aimed a t  determinat ion of t h e  amounts and 

forms of water present  i n  t h e  s u r f a c e  and subsur face  s o i l .  

ques t ion ,  central t o  Mars exp lo ra t ion ,  i s  not being addressed 

This 

I 
I 

d i r e c t l y  on Viking 75. Other e f f o r t s  are underway t o  expand and 

extend t h e  l imi ted  inorganic  a n a l y s i s  c a p a b i l i t y  of Viking 75 i n  

order  t o  gain more knowledge about t h e  formation and e a r l y  evolu- 

t i o n  of t h e  planet.  

The  SR&T instrument development programs i n  p l ane ta ry  biology 

and planetology described i n  Appendix I1 are respons ive  t o  many Of 
I 

t h e  fundamental ob jec t ives  of f u t u r e  Mars explora t ion .  Following 



t h e  d e f i n i t i o n  of t h e  s c i e n t i f i c  ob jec t ives  of t h e  next mission t o  

Mars, a focusing of t h e  SR6T e f f o r t s  on readying instruments which 

w i l l  be most responsive t o  those ob jec t ives  should be done. 

IV.5. Mission Capabi l i ty  Summary 

One mission cons t r a in t  i s  r e l a t e d  t o  t h e  timing of  new launch 

v e h i c l e  and upper stage development and t h e  type of missions de- 

s i r e d  i n  a p a r t i c u l a r  time frame. 

energy requirements f o r  launch and a r r i v a l  vary considerably over t he  

per iod  of i n t e r e s t .  

a given launch vehic le  i n j e c t s  l e s s  payload toward Mars and a given 

spacec ra f t  propulsion c a p a b i l i t y  i n s e r t s  less mass i n  Mars o r b i t  

0.i: l a d s  less EZSE en the QUTIC~; "he mission and spacec ra f t  design 

must consider  t hese  f a c t o r s  i r t  t h e  t r adeof f  process and t h e  p r a c t i c a l  

As shown i n  Sect ion IV.1., t he  

Thus, as t h e  launch and a r r i v a l  energies  inc rease ,  

l i m i t a t i o n s  they  impose. 

ments a t  Mars affect design is a comparison o f  the  1979 and 1981 opportu- 

n i t i e s .  

a T i t an  IIIE/Centaur with a lander payload margin o f  about 100 kg; whereas, 

i n  1981, 

increased  f o r  t h e  same mission design. Condition3 as appl ied  t o  

a dup l i ca t e  Viking mission degrade r ap id ly  u n t i l  t h e  1988 oppor- 

t u n i t y .  

A s p e c i f i c  example of how t h e  energy r equ i r e -  

In  1979, a dup l i ca t e  Viking 1975 Mission can be flown using 

t h e  o r b i t e r  propulsion system has t o  be s i g n i f i c a n t l y  

More capable  launch vehic les  and upper s tages  w i l l  a i d  i n  

overcoming t h e  energy l imi t a t ions .  This w i l l  allow more i n j e c t e d  



mass toward Mars, p a r t  of which can be a l l o c a t e d  t o  t h e  space- 

c r a f t  for compensation ( r e t r o  propulsion, dece le ra t ion  devices,  

e t c . )  of t h e  h igh  energy requirements. 

f o r  opera t ion  i n  t h e  e a r l y  1980's, but t h e  d e f i n i t i o n  and schedule 

of development of an  upper s t a g e  is  a t  present  unclear.  With t h e  

i n c r e a s e  i n  payload c a p a b i l i t y  of the Shuttle/Centaur, missions of 

t h e  Viking-class are f e a s i b l e .  

The Space S h u t t l e  i s  planned 

- 

With t h e  T i t an  IIIEICentaur,  Viking- 

c l a s s  missions are not f e a s i b l e  and t h e  mission p o s s i b i l i t i e s  w i l l  

be l i m i t e d  to  lower-mass o r b i t e r  and probe missions.  

Major new technology programs do no t  appear t o  be requi red  

f o r  implementing t h e  prospectus of f u t u r e  Mars missions. This, 

however, does n o t . e l i m i n a t e  t h e  need for technology advancement 

and poss ib l e  r e o r i e n t a t i o n .  Missions such as t h e  sample r e t u r n  

w i l l  r e q u i r e  technology emphasis i n  such areas as aerodece lera t ion ,  

Martian s u r f a c e  a scen t  c o n t r o l  and rendezvous and docking ( i f  

r equ i r ed ) .  

REFERENCES TO CHAPTER I V  

JPL Document No .  760-29, 15 J u l y  1968, "Capsule System Advanced 
Development Program Report." 

JPL Document No.  760-58, 1 Dec. 1970, "An Exploratory Inves t iga t ion  
of a 1979 Mars Roving Vehicle Mission." 

The Viking Missions t o  Mars, Ica rus  - 16,  1972. 
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V . l .  Summary of Proposed S t r a t egy  

a. N 74 

CHAPTER V 

STRATEGY FOR EXPLORATION OF MARS, 1977-81 

_- _ -  
post-Viking period requi red  the  i n t e g r a t i o n  i n t o  t h e  p lan  of s e v e r a l  

i n f luenc ing  f a c t o r s .  For example, a l though t h e  cont inuing  explora-  

t i o n  of Mars i s  of high s c i e n t i f i c  i n t e r e s t ,  t h e  Committee noted 

t h a t  t h e  Space Science Board (Space Science Board, 1971) has  recom- 

mended t h a t  t h e  s p e c i f i c s  of any new mission should not  be de t e r -  

mined u n t i l  t h e  r e s u l t s  of Viking 1975 are a v a i l a b l e .  Fu r the r ,  

s i n c e  proposed s t r a t e g i e s  of explora t ion  must be f i s c a l l y  r e a l i s t i c ,  

cons ide ra t ion  w a s  given t o  t h e  f a c t  t h a t  miss ions  scheduled f o r  

mechanical c o n s t r a i n t s  vi11 fo rce  abandonneat of Viking technology. 

Hence, an advanced Viking c l a s s  mission o f f e r s  r e l a t i v e l y  h igh  

cos t - e f f ec t iveness .  F i n a l l y ,  t he  p o s s i b i l i t y  of ob ta in ing  i n t e r -  

n a t i o n a l  p a r t i c i p a t i o n  on Mars soft- landing misslons w a s  f ac to red  

i n t o  s t r a t e g y  development. 

Study t h e  a t t r i b u t e s  of Mars Surface  Sample Return very  

carefu l ly- -def ine  earliest poss ib l e  launch d a t e ,  and assess back- 

contaminat ion problems. 

Continue development of p o t e n t i a l  Viking 79 experiments through 

SRT funding. 
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Continue funding f u r t h e r  Viking 79 sc i ence  study (- $200 K). 

Determine t h e  r e a l i t y  of i n t e r n a t i o n a l  p a r t i c i p a t i o n  i n  a 

Viking 79 rover.  

b. N 75 - 
Decide on Mars Surface Sample Return. 

I f  MSSR can be  undertaken i n  1981, prepare  t h e  r eques t  f o r  a 

new start  on t h i s  p r o j e c t  i n  N 76. 

I f  MSSR must be delayed beyond 1981, cont inue  development of 

ins t rument -opt ions  f o r  Viking 79 (- $6 M ) ,  and prepare  reques t  f o r  

a new start on t h i s  p r o j e c t  i n  FY 76 ($15 M ) .  

c. FY 76 

S t a r t  MSSR'(cost unknown now) o r  Viking 79 ($15 M). 

S e l e c t  Viking 79 sc i ence  payload (about September, 1976). 

V . 2 .  High P r i o r i t y  Missions 1979-81 

a. Mars Surface Sample Return (MSSR). 

A number of i n v e s t i g a t i o n s ,  h ighly  important  t o  an under- 

s tanding  of Mars, can only be p r a c t i c a l l y  accomplished by r e t u r n  

of  a sample t o  t h e  Earth.  

major and minor element chemical ana lyses  ( e s p e c i a l l y  of separa ted  

mineral  phases), and s o p h i s t i c a t e d  mineralogic  and pe t rographic  

analyses.  

samples (e .g . ,  LUM 16, 20) can be  c i t e d  as exemplary of t h e  l a r g e  

s c i e n t i f i c  r e t u r n s  poss ib l e ,  and, on a pu re ly  s c i e n t i f i c  b a s i s  MSSR 

can be assigned h ighes t  p r i o r i t y  of a l l  t h e  p o t e n t i a l  Mars missions.  

These s t u d i e s  inc lude  age de te rmina t ion ,  

The r e s u l t s  obtained from small q u a n t i t i e s  of l una r  

P 

I 

_ I  
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. If, a t  f i r s t  glance,  t h e s e  statements sound l i k e  convent ional ly  

bland t ru isms ,  they  t a k e  on sharpness when t h e  luna r  s i t u a t i o n  is  

considered. Examination of Apollo samples has r e s u l t e d  i n  over a 

thousand major publications-new d a t a  presented  and new i n t e r p r e -  

t a t i o n s  advanced. 

Russian Luna samples is even more analogous t o  t h e  Martian s i t u a t i o n .  

Although our knowledge of p lane tary  evo lu t ion  w i l l  remain incom- 

p l e t e ,  i t  w i l l  be s i g n i f i c a n t l y  advanced by receipt of large amounts 

of geochemical and b i o l o g i c  da ta  from t h e  o the r  Ear th- l ike  p l ane t s ,  

t h e  type  of d a t a  dependent on re turned  sample a n a l y s i s .  

some s p e c i f i c  examples: 

The comprehensive a n a l y s i s  and i n t e r p r e t a t i o n  of 

Consider 

1. Microchemical and  mineralogic  examinations of i nd iv idua l  

p a r t i c l e s  r e s u i t  i n  thousands of ana lyses  as opposed t o  a few bulk 

ana lyses  i n  remotely con t ro l l ed  experiments. Using paleogeographic 

techniques ,  a s tandard  approach i n  sedimentary pe t ro logy  and, more 

r e c e n t l y ,  i n  luna r  sample ana lys i s ,  one can r econs t ruc t  bedrock 

composition and d i s t r i b u t i o n  over l a r g e  areas and thereby deduce 

c r u s t a l  cha rac t e r  and evolution. 

2. Presence o r  absence of minera l  spec ie s  such as c l a y s ,  
- 

carbonates ,  and n i t r a t e s  w i l l  speak t o  t h e  i s s u e  of water -ass i s ted  

weather ing and surface-atmosphere i n t e r a c t i o n .  Again it is  impor- 

t a n t  t o  draw t h e  d i s t i n c t i o n  between re turned  sample and remote 

a n a l y s i s .  The Viking '75 X-ray f l uo rescence  experiment w i l l  de f ine  

a chemistry i n d i c a t i v e  of c lays  o r  barbonates  if t h e s e  minera ls  

comprise t h e  ba lk  of t h e  samples. But re turned  sample a n a l y s i s  



w i l l  d e t e c t  t h e s e  spec ie s  a t  t h e  s ing le -g ra in  level. And, from a 

process point of v i e w ,  t h e  s i n g l e  g r a i n  i s  as important as t h e  bulk 

a n a l y s i s .  

3 .  In t eg ra t ion  of ana lyses  from many igneous rock  fragments 
- 

permits  specula t ion  regarding bulk c r u s t a l  composition, presence 

of one o r  more d i f f e r e n t i a t i o n  sequences, and d i f f e r e n t i a t i o n  pa ths  

wi th in  a s i n g l e  sequence. 

4.  Perhaps t h e  most provocat ive ques t ion  regard ing  t h e  p lane tary  

c r u s t a l  rocks is t h e i r  age.  Radiometric ana lyses  w i l l  d e f i n e  

c r y s t a l l i z a t i o n  and/or metamorphic ages  f o r  some f r a c t i o n s  of t he  

t o t a l  sample ,  thereby r evea l ing  no t  only t h e  "or ig ina l"  age of t h e  

c r u s t  b u t  also c h a r t i n g  i t s  subsequent thermal h i s t o r y .  It is  con- 

ce ivab ly  poss ib l e  t o  des ign  a remotely con t ro l l ed  experiment which 

w i l l  make a few rad iometr ic  measu rme i t s  on 3 i l k  s a q k s ,  brrt t h i s  

would be  more  an experimental t ou r  de  f o r c e  than  a u s e f u l  s c i e n t i f i c  

i nves t iga t ion .  

IC-- 

If a returned sample mission i s  designed, w e  f e e l  that it does 

no t  r e q u i r e  a d d i t i o n a l  i n - f l i gh t  s c i ence  t o  "upgrade" i t  t o  some 

acceptab le  level. 

t h e  m i s s i o n  towards undes i rab le  complexity. 

ment necessary is a camera t o  a i d  i n  and t o  document sample a c q u i s i t i o n .  

Indeed, t h e  a d d i t i o n  of experiments would d r i v e  
. -  _ -  

Perhaps t h e  only i n s t r u -  

Because of i t s  s c i e n t i f i c  m e r i t ,  and because no obvious techno- 

l o g i c a l  or f i s c a l  b a r r i e r s  have y e t  come t o  l i g h t ,  an MSSR mission 

has  been proposed f o r  launch as e a r l y  as 1981. 

a very  c a r e f u l  s tudy  be made of t h i s  miss ion  type  wi th  t h e  goa l  of 

Here w e  propose t h a t  

_.  
a 

- .  
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making a dec i s ion  on launch date dur ing  N 75. 

s tudy  include: 

Problems r e q u i r i n g  

1. The a v a i l a b i l i t y  of technology necessary f o r  a s u r f a c e  

sample r e t u r n  mission. 

2. The pro jec ted  c o s t  of such a mission. 

3 .  The problem of poss ib le  back-contamination of t h e  t e r r e s -  

t r i a l  biosphere by Martian organisms, i nc lud ing  cons ide ra t ion  of 

s t e r i l i z a t i o n  procedures and t h e i r  importance wi th  regard t o  scien- 

t i f i c  r e t u r n s  from t h e  mission, and t h e  p o s s i b i l i t i e s  of i nves t iga -  

t i o n s  i n  ea r th -o rb i t i ng  l a b o r a t o r i e s .  

The need f o r  r e s o l u t i o n  of t h e s e  ques t ions  is  p a r t i c u l a r l y  g r e a t  

because It appears un l ike ly  that. both a lander  and MSSR would be 

f i s c a l l y  f e a s i b l e  i n  t h e  1979-81 time period. Indec is ion  on t h e  

MSSR could s e r i o u s l y  hamper Martian exp lo ra t ion  dur ing  t h e  1970's by 

. .  

d e f e r r i n g  a Viking '79 decision t o  a po in t  where i t  is  no longer 

f e a s i b l e  (loss of Viking '75 team, e t c . )  

b. Advanced Viking (1979) 

A Viking follow-on sof t - lander  program, while  a t t r a c t i v e  

economically and programatically,  is  j u s t i f i e d  p r i m a r i l y  by t h e  

s c i e n t i f i c  r e t u r n  i t  can provide. Viking '75,  wi th  i ts  focus  on 

biology, carries only a s ing le  inorganic  geochemical experiment of 

very  l i m i t e d  c a p a b i l i t y .  Thus, i n  t h e  per iod 1977-81, planeto-  

l o g i c a l l y  o r i en ted  landers  or  long-lived o r b i t e r s  (proposed he re  

as a less-expensive mission type) can provide s i g n i f i c a n t  new 

information. Development of new experiments can be c a r r i e d  ou t  i n  
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a way allowing s i g n i f i c a n t  response t o  r e s u l t s  from t h e  1976 Viking 

landings ,  w h i l e . r e t a i n i n g  t h e  economy inherent  i n  a rap id  follow-on. 

The sequence of.Mars rendezvous oppor tun i t i e s  a l s o  a rgues  i n  

favor  of another mission i n  t h e  1970's. A Ti tan  IIIE/Centaur can 

p l ace  a Viking-type spacec ra f t  i n  Martian o r b i t  from a launch i n  
- 

1979 o r  (with modi f ica t ion  of t h e  spacec ra f t  t o  a l low a d d i t i o n a l  

Av a t  Mars) 1981, bu t  no t  aga in  u n t i l  a t  least 1988. Beyond 1981, 

changes i n  launch systems are l i k e l y ,  and i n t e g r a t i o n  of Viking- 

type  spacec ra f t  wi th  t h e s e  new systems would be  requi red .  Further-  

more, a new spaceca r f t  des ign  al lowing f o r  much more f u e l  f o r  Mars 

o r b i t  i n s e r t i o n  would a l s o  be  requi red .  

technology can thus  only be achieved i n  launches up t o  1981. 

Economic use  of Viking 

It is less expensive t o  follow-on with a 1979 launch than  a 

1981 launch b e c w s e  a l a r g e r  po r t ion  ef the Viking team will be 

kept  intact. 

'75, '79 combination vs. a '75, '81 combination. The la t ter  is 

seen t o  represent  v i r t u a l l y  a new program and cannot f a i l  t o  be  more 

Figures  V-1 and V-2 show the manpower p r o f i l e s  f o r  a 

sxpensive.  

V-1 (a po r t ion  - about $15 M - of the c o s t  i nc rease  i s  due t o  t h e  

r equ i r ed  enlargement of t h e  o r b i t e r  p rope l l an t  tanks  f o r  a 1981 

launch) .  F ina l ly ,  i f  a mission planned f o r  a 1981 launch cannot 

meet the schedule, it w i l l  be  l o s t  due t o  the unfavorable energy 

requirements which p r e v a i l  u n t i l  1990. 

This i s  confirmed by t h e  c o s t  estimates shown i n  Table 

The 1979 sof t - lander  mission provides  f o r  a l a r g e  number of 

v a r i a t i o n s .  There are two bas i c  opt ions:  1) an American Viking-type 
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TABLE V-1 

FOLMJ-ON VIKING 1975 COST ESTIMATE' 

Repeat Vikinx 1975; no hardware changes 

Single launch, 1979 
Dual launch, 1979 

$200-235 M 
$235-295 M 

Single launch, 1981 $260-325 M 
Dual launch, 1981 $310-415 M 

&Estimates p r o v i d e d  by Viking Project Off ice ,  Langley Research Center, 
Hampton, VA, May 11, 1973. 
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so f t - l ande r lo rb i t e r ,  and 2) an  i n t e r n a t i o n a l l y  supported Viking-type 

mission including an autonomous roving vehicle ca r ry ing  a geoscience 

: ,  

I 

experiment package, 

Var ia t ions  on t h e  f i r s t  op t ion  range, i n  order  of increas ing  
- 

d e s i r a b i l i t y ,  from a carbon-copy Viking '75 r epea t ,  t o  a Viking wi th  

s u b s t a n t i a l l y  increased geoscience c a p a b i l i t y ,  t o  a Viking with a l l  

phases of i ts  sc ience  upgraded, poss ib ly  inc luding  a small ,  t e thered  

rover f o r  sampling near t h e  l ande r ,  and spacec ra f t  modi f ica t ions  

requi red  f o r  landings  i n  near-polar vo lcanic  t e r r a i n  which would be  

poss ib l e  with improved t a r g e t i n g  a f t e r  Viking '75. 

It would be poss ib l e  t o  f l y  a carbon-copy of Viking '75 i n  

1979 at r e l a t i v e l y  low c o s t ,  and t h i s  could hard ly  be dismissed as 

worthless.  

and the chance t o  ob ta in  b e t t e r  coverage of t h e  p l ane t  by means of 

more numerous landing sites i s  very  important .  However, whi le  t h e r e  

are these s c i e n t i f i c  reasons f o r  a d u p l i c a t e  mission, i t  i s  un l ike ly  

t h a t  i t  would be  competi t ive w i t h  o the r  p l ane ta ry  missions i n  t h e  

same t i m e  period. 

' 

It does include a t  least a s imple inorganic  a n a l y s i s ,  

Approximately seventy-five kilograms of a d d i t i o n a l  landed 

science payload are a v a i l a b l e  on a 1979 lander .  

should inc lude  an improved geologica l  experiment package al lowing 

e f f e c t i v e  s tudy of inorganic  chemical compositions,  c r y s t a l  s t ruc -  

t u r e s ,  and mineralogy. 

cence spectrometry,  alpha-backscatter spectrometry,  gamma r a y  

spectrometry dur ing  neutron i r r a d i a t i o n ,  and X-ray d i f f r ac tomet ry .  

The new experiments 

Candidate experiments i nc lude  X-ray f luo res -  

_. 

. -  
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Modif icat ions of a camera t o  al low "microscopic" i n v e s t i g a t i o n  of 

specimens should b e  included. A f u r t h e r  range of improvements i n  

t h e  sc i ence  package would be  poss ib le ,  w i th  p r i o r i t i e s  set by t h e  

1976 Viking observat ions.  These changes include:  

1. Long-lived (2 e a r t h  years, exc lus ive  of lander  mission) 

o r b i t e r  and geochemical mapping experiments. 

2.  Upgraded seismometer. 

3 .  Further  o r b i t a l  geoscience wi th  poss ib l e  s u b s a t e l l i t e  f o r  

magnetic and g r a v i t a t i o n a l  f i e l d  measurements ( inc lus ion  of a s u r f a c e  

magnetometer on t h e  lander  should be  considered) .  

4. In t eg ra t ed  biology e x p e r b e n t  us ing  s t a b l e  i so topes  in s t ead  

of 1 4 C  (adaptable  t o  " l i f e  de tec t ion ,"  " l i f e  cha rac t e r i za t ion , "  and 

v o l a t i l e  element (non-metals) geochemistryj .  

5. Tethered rover  (100 m range)  f o r  b e t t e r  sample a c q u i s i t i o n .  

6. Subsurface sampling capab i l i t y .  

7. Smaller lander  t a r g e t i n g  f o o t p r i n t .  

The relative m e r i t s  of the  above opt ions  are, a t  t h e  moment, 

debatable .  -While none are mutually exc lus ive  and a l l  might be  

accommodated on t h e  same spacecraf t ,  t h e i r  t o t a l  c o s t  could be too - 
high. A much better-informed choice  among these op t ions  can be made 

i n  September, 1976, when the major f e a t u r e s  of t h e  Viking 1975 re- 

s u l t s  should be  apparent .  

on instrument  development w i l l  b e  requi red  i n  order  t o  a l low an e f fec-  

t ive response t o  the 1976 r e s u l t s  i n  time t o  permit a more economical 

1979 launch. 

I n  t h e  in te r im,  expendi ture  of about $20 M 
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The approximate c o s t s  (dual launch assumed) of va r ious  sc ience  

op t ions  are shown i n  Table V-2. 

of launch v e h i c l e  and mission ope ra t ions ,  would c o s t  about $320 M, 

wi th  a ceiling of .about $410 M, t ak ing  i n t o  account l o g i c a l  improve- 

The minimum dual mission, exc lus ive  

- 
ments. These c o s t s  would be spread over t h e  f i s c a l  years 1975-1981, 

wi th  a s t a r t  of about $ 5  M being requi red  i n  FY 1975. 

S tudies  i n d i c a t e  t h a t  t h e r e  a r e  two i n t e r e s t i n g  rover  c l a s ses .  

The first, noted  above, is a t e t h e r e d  rove r  with l imi ted  range and 

f e w ,  i f  any, func t ions  o the r  than  sample c o l l e c t i o n .  Such rovers  

are es t imated  t o  cos t  about $10-15 M and can be an American advanced 

rover ,  independent of European support .  The second class inc ludes  

non-tethered rove r s  w i th  independent power supp l i e s  and onboard 

sc ience .  Cornmica t ions  and central c o s t s  a r e  g r e a t  enough t o  make 

t h e s e  rovers  a t t r a c t i v e  only when a s u b s t a n t i a l  range (2 25 km) and 

r a t h e r  e l abora t e  onboard sc i ence  are considered, and t h e  c o s t  is  

probably around $100 M. 

The p o s s i b i l i t y  of a long-range rover  depends l a r g e l y  on t h e  

r e a l i t y  of i n t e r n a t i o n a l  support .  

t h e  rover  e f f e c t i v e l y  accomplishes a d d i t i o n a l  "landings" and might 

provide  t h e  b e s t  poss ib l e  evidence of geochemical d i f f e r e n t i a t i o n .  

It can a l s o  r each  sites of high s c i e n t i f i c  i n t e r e s t  which are not 

d i r e c t l y  a c c e s s i b l e  t o  a lander.  

favored both because of t h e  increased  s c i e n t i f i c  r e t u r n  and as a 

start on inva luable  cooperation. 

By t r a v e r s i n g  geologic boundaries,  

The i n t e r c a t i o n a l  mission can be 

Rapid progress  w i l l  depend on t h e  
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~~~~~~~~~~~~~~~~~ - - ____ - - __ __ . - ~~~~~ 

'Estimates provided by Viking Projec t  Office, Langley Research Center,  
Hampton, VA, Nov. 30, 1972. 

Reported cost  of same opt ion  for MOSS. No Viking e s t ima te  ava i l ab le .  2 

2 

TABLE V-2 

ESTIMATED COSTS FOR FOLLOW-ON VIKING MISSION OPTIONS~ 

Science Option Estimated Cost 

$18-25 M 
$16 M 

In t eg ra t ed  geology 
Two Earth yea r  o r b i t e r  lifetime 
Gama ray  spectrometer 
Upgraded seismometer 
S u b s a t e l l i t e  fo r  magnetic and 

In t eg ra t ed  biology experiment $25-30 M 
Tethered rover  (10 m range) $10-15 M 
One meter d r i l l  $ 9 M  
Improved po la r  land ing la  t 1 t ode $17 M 

g r a v i t a  t i o n a l  f i e l d  measurements $15-20 M2 
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e f f e c t i v e  t r a n s f e r  of technology t o  European pa r tne r s .  

has t h e  p o t e n t i a l  of being slow and expensive i n  development, t h e  

The mission 

expense possibly r e s u l t i n g  from de lays  as w e l l  as c o s t s  of rover 

i n t eg ra t ion .  Nonetheless, t h e  b e n e f i t s  could out-weigh t h e  r i s k s .  

This option w i l l  r e q u i r e  c a r e f u l  s tudy  of s p e c i f i c  p lans  before  any 
- 

f i rm conclusions are j u s t i f i e d .  

I t  i s  our  view t h a t  biology should not  be e n t i r e l y  dropped from 

an upgraded Viking f o r  a number o f  reasons.  

knowledge about Martian biology he lps  t o  c l a r i f y  ques t ions  about sample 

F i r s t ,  any inc rease  i n  

r e t u r n  mission. Second, t h e  Viking '75 b i o l o g i c a l  resul ts  are c e r t a i n  

not t o  t e l l  t h e  whole s t o r y ,  and t h e  n e c e s s i t y  of f u r t h e r  s tudy  i s  

i n e v i t a b l e .  

V.3. Long-Lived Orb i t e r  Missions 

I f  funding w i l l  not a l low a soft-lander/orbiter.mission i n  1979,  

t h e  long-lived o r b i t e r  a lone  forms an a t t r a c t i v e  a l t e r n a t i v e  t h a t  can 

answer ques t ions  no t  resolved by Mariner 9: 

1. Long term (seasonal) v a r i a t i o n s  i n  t h e  atmospheric composi- 

tion and c i r c u l a t i o n .  

2 .  

3 .  

Seasonal changes i n  v i s i b l e  f e a t u r e s  of t h e  p l ane ta ry  su r face .  

Chemical composition of t h e  p l ane ta ry  su r fzce  as determinable  

by remote sensing. 

4 .  

t h e  planet .  

The d e t a i l e d  mass d i s t r i b u t i o n  and magnetic p r o p e r t i e s  of 

By studying atmospheric composition and c i r c u l a t i o n  toge ther  

wi th  sur face  f e a t u r e s  and composition, an  o r b i t e r  wi th  a l i f e t i m e  of 
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two Martian yea r s  ( four  Ear th  years )  can provide information on 

dynamic i n t e r a c t i o n s  between the  atmosphere and t h e  s u r f a c e  (one 

Martian year  would normally s u f f i c e ,  bu t  competit ion f o r  t r ack ing  

f a c i l i t i e s  does not  a l low unin ter rupted  coverage).  The d i s t r i b u -  

t i o n  of K,  U ,  Th, Fe ,  Mg, and 0 (and poss ib ly  of Ca, A l ,  and Ti )  

can provide s u b s t a n t i a l  information on t h e  geochemical complexity 

and evolut ionary s ta te  of t h e  s o l i d  p l ane t .  Near i n f r a r e d  ma?ping 

of t h e  su r face  can provide da t a  on t h e  d i s t r i b u t i o n  of hydrated 

minerals. High r e s o l u t i o n  photography of s u r f a c e  f e a t u r e s  w i l l  

allow more ex tens ive  inference  about  Martian s t r u c t u r a l  geology and 

geo log ica l  h i s to ry .  A r ada r  a l t i m e t e r  is use fu l  i n  the same context .  

A magnet ical ly  clean s u b s a t e l l i t e  can s tudy t h e  magnetic f i e l d ,  

and o r b i t a l  t r ack ing  of t h i s  s u b s a t e l l i t e  should a l low determina- 

t i o n  of t h e  g r a v i t a t i o n a l  f i e l d ,  bo th  providing very s i g n i f i c a n t  

in format ion  on t h e  o v e r a l l  m a s s  d i s t r i b u t i o n  and i n t e r n a l  s t r u c t u r e  

of t h e  p lane t .  

might be flown on t h e  s u b s a t e l l i t e ,  thus  inc reas ing  t h e i r  r e s o l u t i o n  

i n  terms of su r f ace  reg ions .  

Some or a l l  of t h e  geochemical mapping experiments 

A poss ib l e  form of long-lived o r b i t e r  based - on Mariner 9 and 

MJS technology has been s tudied  by JPL and given t h e  name "MOSS," 

f o r  Mars o r b i t i n g  sc i ence  s t a t i o n .  Other spacec ra f t  types  may be  

app l i cab le ,  but  are i n s u f f i c i e n t l y  s tud ied  a t  t h e  moment. T o t a l  

c o s t  of a 1977 MOSS launch, exc lus ive  of launch veh ic l e ,  i s  esti-  

mated a t  $131 M spread over f i s c a l  yea r s  1974-82, wi th  a maximum of 

$35.5 M i n  E'Y '77. Because of s l i g h t l y  less favorable  t r a n s f e r  of 
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technology and sharing of mission operations, 1979 and 1981- 

launched missions have c o s t s  of $5-10 M greater. 

- REFERENCES TO CHAPTER V 
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CHAPTER V I  

STRATEGY FOR EXPLORATION OF MARS BEYOND 1981 

I f  a Mars su r face  sample r e tu rn  mission is not  c a r r i e d  out i n  

the 1979-81 time period, then it becomes a prime candidate  f o r  t h e  

post-1981 explora t ion  phase. Another p o s s i b l e  mission would be t o  

land  an  autonomous roving vehic le  which would have a range of 

1000 km, f o r  example, and which would c a r r y  an  a r r a y  of s c i e n t i f i c  

i n v e s t i g a t i o n s  on-board. A t h i r d  p o s s i b i l i t y  could be  t o  pursue 

a Phobos o r  Deimos lander  mission. 

missions are technologica l ly  f e a s i b l e  and, i n  add i t ion ,  would pro- 

v i d e  a long-lived Mars observat ion pos t .  

S tud ie s  have shown t h a t  such 

This mission i s  of 

s c i e n t i f i c  interest because comparing t h e  composition of Phobos 

and Deimos with the composition of Mars may prove t o  be as reward- 

ing as c a p a r i s o n  of the compositions of t h e  Moon and t h e  Earth 

has been. 

A f o u r t h  s t r a t e g y  f o r  explora t ion  of Mars beyond 1981 involves  

a series of Pioneer-class o r b i t e r s  and/or  l a n d e r s  performing a 

l i m i t e d  number of i nves t iga t ions  on each mission,  bu t  covering a 

wider range of p lane tary  regions.  

- 
The increased  energy requirements 

f o r  Mars t r a j e c t o r i e s  dur ing  the mid t o  l a t e  80's make t h e  Pioneer 

spacec ra f t  more a t t r a c t i v e  than Mariner. 

of Mars by t h i s  time may b e  such that dedica ted  missions t o  answer 

Furthermore, our knowledge 

s p e c i f i c  ques t ions  may be an appropr i a t e  approach t o  follow. 

t h e s e  and o t h e r  reasons noted below, candida te  Pioneer-class 

For 
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missions were Investigated in some detail and are described in the 

following sections. 

VI. 1. Pioneer-Class Missions 

Pioneer-class missions are attractive primarily because they 

are low-cost. 

limited. In general, candidate experiments must be low in weight 

Their liability is that they are scientifically 

and volume, and must use little power. The returned information has 

to be acquired over a short period of time and transmitted over a 

data link of modest capacity. 

environments (e.g., high-g conditions for hard landers). 

Experiments have to survive adverse 

The liabilities indicated above do not preclude scientifically 

productive missions, but they require the formulation of focused 

scientific questions that can be answered with selected and limited 

data. 

results may be inapplicable and therefore essentially useless. 

Similarly, if the experimental results are incomplete, of poor 

quality, inferential, or otherwise ambiguous, then they will not 

be adequate to confirm or eliminate the proposed model. To that 

extent, we will be unsuccessful in increasing our fundamental know- 

ledge concerning planetary character, origin, and evolution. 

If the presumed model is incorrect,-then the experimental 

To a remarkable degree Pioneer missions stand in contrast to 

Viking-type soft-landing missions in which a general-purpose experi- 

mental packAge is employed to perform a reconnaissence of the plane- 

tary surface. 

Pioneer approach--defining a fundamental thesis and then collecting 

One cannot deny the intellectual elegance of the 
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only t h e  da t a  c r i t i c a l  t o  the t e s t i n g  of t h a t  t h e s i s .  Although t h e  

Viking reconnaissance philosophy might s e e m  comparatively crude we 

argue t h a t  i t  is, i n  f a c t ,  t h e  appropr i a t e  approach consider ing t h e  

present  state of our knowledge. It fo l lows  t h a t ,  a t  some t i m e  i n  

t h e  f u t u r e ,  t he re  can be a cross-over--a po in t  a t  which s p e c i f i c  

ques t ions  can be formulated and b e s t  answered wi th  s m a l l ,  d i r ec t ed  

spacec ra f t .  

VI.2. Pioneer-Class Mission Capab i l i t i e s  

The following Pioneer  missions are candidates:  (1) s m a l l  

sp in - s t ab i l i zed  o r b i t e r s ;  (2) o r b i t e r s  w i th  s u b s a t e l l i t e s ;  (3)  

small atmospheric probes; ( 4 )  small hard-landing probes; (5) sur-  

are f u r t h e r  descri'led i n  C'hapter I V  and Appendix I. S a l i e n t  i n fo r -  

mat ion i s  summarized i n  Table VI-1 which lists: (1) a v a i l a b l e  space 

f o r  experiments; (2) a v a i l a b l e  weight f o r  experiments;  (3) a v a i l a b l e  

power f o r  experiments; ( 4 )  maximum l i f e t i m e ;  (5) b i t  rates and total 

t ransmiss ion  c a p a b i l i t y ;  and (6) t a r g e t i n g  c o n s t r a i n t s .  

It should be emphasized t h a t  t hese  f i g u r e s  are, i n  almost all 
- 

cases, uncer ta in .  W e  have made a concerted e f f o r t  t o  review previous 

Pioneer  missions and t o  become f a m i l i a r  w i th  planned Mars app l i ca t ions .  

In almost every case, t h e  demonstrated c a p a b i l i t y  of a Pioneer-type 

mission appears  inadequate  o r  marginal ly  adequate  f o r  t h e  accomplish- 

ment of t h e  s c i e n t i f i c  goa ls  we spec i fy .  Although w e  a n t i c i p a t e  t h a t  

close s tudy  w i l l  r e s u l t  i n  improvements of those  va lues  given i n  

Table  V I - 1 ,  t h e  h i s t o r y  of space exp lo ra t ion  i n d i c a t e s  t h a t  such 
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optimism i s  no t  always j u s t i f i e d .  Under adverse condi t ions ,  a Pioneer 

mission could grow i n  complexity and expense t o  a poin t  where i t  

rivalled larger spacecraft without incorpora t ing  t h e  advantages in- 

h e r e n t l y  a p a r t  of t hese  l a r g e r  buses. 
_ -  

VI.3. S c i e n t i f i c  Payloads f o r  Pioneer-Class Landers 

W e  l ist some fundamental quest ions t h a t  might be  answered with 

Pioneer-type experiments. For each of t h e s e  s i t u a t i o n s  w e  i n d i c a t e  

some fundamental cons t r a in t s :  

a. Chemical/mineralogical v a r i a t i o n s  ac ross  Martian su r face .  

_- 

With Mariner 9 d a t a  i n  hand one can i d e n t i f y  a t  least 

f i v e  terrains of broad extent--cratered t e r r a i n ,  c r a t e red  p l a i n s ,  

siooth p ia ins ,  mancied Tcerrain, zzd ~ " m m a ~ e u  p i a r  y l d u l e  = Illcac 

. .  - f .L.l - . l - J - -  rnL-,- 

s u r f a c e s  are shaped by d i f f e r e n t  geomorphological processes  and are 

perhaps unde r l a in  by rocks/sediments of d i f f e r i n g  composition and 

age.  Charac t e r i za t ion  of t h e s e  d i f f e r e n c e s  would e l u c i d a t e  d i f f e r -  

e n t i a t i o n  of t h e  c r u s t  both by i n t e r n a l  processes  and by surface-  

atmosphere i n t e r a c t i o n s .  

Because of t h e  r eg iona l  charac te r  of t hese  terrains, t a r g e t i n g  

is not  c r i t i c a l .  X-ray f luorescence and alpha experiments could be 
- 

.* 

contained i n  e i t h e r  s o f t  l anders  o r  penetrometers. 

X-ray d i f f r ac tomete r  might prove d i f f i c u l t .  

Hardening of an 

In  t h e  case of t h e  

penetrometer,  v i s u a l  cha rac t e r i za t ion  would be precluded. Meaningful 

i n t e r p r e t a t i o n  of a s i n g l e  sample (o r ,  a t  b e s t ,  repeated samples from 

the same spo t )  might prove d i f f i c u l t .  



b. Heat flow. 

This is an important parameter for understanding thermal/ 

The experiment may be appropriate igneous evolution of the planet. 

for a penetrometer. - 

Targeting is not a serious problem. Penetration to 1-2 meters 

should be adequate to eliminate diurnal variations. Attainment of 

equilibrium before taking measurements might require several days. 

c. Soil moisture. 

The Martian water cycle is clearly important,’and presently 

poorly understood. 

Attainment of equilibrium conditions may prove difficult. 

The experiment could be contained in a penetrometer. 

In order 

to exploit the investigation, measurements should be made at different 

soil levels (possible), over several diurnal cycles (possible), and 

over several seasons (unlikely). 

d. Subsurface structure. 

Critical questions regarding the evolution of Mars relate 

to the possible presence and thickness of a regolith, crustal-scale 

layering beneath the soil zone, and possible presence of a perma- 

frost zone. These questions might be addressed with geophysical 

experiments, notably, seismometers and electromagnetic sounders. 

Severe constraints exist. The seismic experiment would have to 

a soft lander and the explosive charge on an auxiliary penetrometer. 

Lack of prior information regarding the geologic setting would be 

disabling. At present we have no model of surficial layering against 



VI-7' 

which t h e  seismic d a t a  could be judged. Even i f  t h i s  model e x i s t e d ,  

s i t e - s p e c i f i c  v a r i a t i o n s  might prove overwhelming. 

Electromagnetic sounding is a technique r e c e n t l y  developed f o r  

terrestrial app l i ca t ion  and used on Apollo 17. Deployment of t h e  

s i n g l e  w i r e  presumably designed f o r  both sending and r ece iv ing  would 

b e  d i f f i c u l t .  Lunar experience i n d i c a t e s  t h a t  i n t e r p r e t a t i o n  of 

r e s u l t s  is  no t  d e f i n i t i v e ,  even i n  t h e  presence of a g r e a t  d e a l  of 

suppor t ing  information. 

e. Polar  phenomena. 

Current e l imato logica l  models depend on assumptions regard- 

i n g  C 0 2  and H 0 s to rage  i n  polar  caps  and t h e  long-range cyc l ing  of 

t h o s e  materials. 

2 

It would b e  h ighly  d e s i r a b l e  t o  have b e t t e r  and 

more direct information regarding the d i s t r i b u t i o n  of H20 and C02 

in t h e  cap. 

i n  t h a t  regard.  

A penetrometer with a H20 sensing device  would be  u s e f u l  

By i t s e l f ,  a penetrometer measurement might be  of l i t t l e  use. 

The mere de tec t ion  of water i c e ,  o r  even t h e  volume de termina t ion  of 

that ice a t  one s i te  and a t  one s o i l  horizon, does n o t  answer the 

m a s s  balance quest ion posed i n  t h e  preceding paragraph. To answer 

that quest ion,  long-term o r b i t a l  p i c t u r e s  and rad iometr ic  measure- 

ments are most u se fu l .  I n  fact ,  they  may b e  independently adequate.  

V1.4. Pioneer-Class Orb i t e r  - Upper Atmosphere 

The ques t ion  of t h e  o r i g i n  and evolu t ion  of t h e  Martian atmos- 

phere can be inves t iga t ed  wi th  a Pioneer-class o r b i t e r .  

s p a c e c r a f t  i n  a low p e r i a p s i s  o r b i t  (1 pb l e v e l )  w i l l  be  a b l e  t o  

Such a 
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measure t h e  composition of t h e  n e u t r a l  and ionized c o n s t i t u e n t s  of 

t h e  upper atmosphere of Mars. 

be t o  measure short-term and long-term v a r i a t i o n s  i n  t h e  composition 

and s t r u c t u r e  of the- upper atmosphere. 

The o b j e c t i v e  of such a mission w i l l  

Mariner spectroscopic instruments and earth-based observa t ions  

have e s t ab l i shed  t h a t  t h e  atmosphere of Mars i s  predominately carbon 

d iox ide ,  the amount of atomic oxygen, molecular oxygen, and carbon 

monoxide i s  small, w a t e r  vapor and ozone are present  i n  t h e  lower 

atmosphere, and atomic hydrogen i s  escaping from t h e  top of t h e  

atmosphere. 

ozone i n  the lower atmosphere, bu t  t h e  amount of -a tomic  oxygen and 

atomic hydrogen i n  t h e  upper atmosphere appears t o  be r e l a t i v e l y  

Large v a r i a t i o n s  occur i n  t h e  amount of water vapor and 

cons t an t .  

t i o n  of t h e  lower atmosphere should r e s u l t  i n  changes i n  the composi- 

t i o n  of t h e  upper atmosphere. 

Theore t ica l  models i n d i c a t e  t h a t  changes i n  t h e  composi- 

Y e t ,  -- over t h e  l imi t ed  obse rva t iona l  

pe r iod  of t h e  Mariners, t h e  d e n s i t i e s  of atomic oxygen and atomic 

hydrogen remained e s s e n t i a l l y  unchanged. 

observa t ions  5 days a p a r t .  

1971-72, Mariner 9 made ex tens ive  observa t ions  f o r  170 days,  but _ -  - 

(Mariner 6 and 7 made s i n g l e  

A l i t t l e  more than two years  later i n  

_ _  
t h i s  t ime period w a s  less than  a s i n g l e  Mars season.). 

Theore t i ca l  i deas  relate t h e  d i s s o c i a t i o n  of water vapor wi th  

escape rate of atomic hydrogen and atomic oxygen and f u r t h e r  suggest 

t h a t  t h e  escape rate of t hese  atoms i s  se l f - r egu la t ing .  

ment of t h e  escape f l u x  of t h e s e  two c o n s t i t u e n t s  over a time period 

of one or more Martian yea r s  (23 e a r t h  months) w i l l  test whether o r  

The measure- 

. .  
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not changes occur. The search for diurnal, seasonal, or secular 

changes will lead to an understanding of whether o r  not the Mars 

atmosphere is presently evolving, and how it may have evolved in 

the past. 

Certain minor constituents in the upper atmosphere (concentra- 

tion less than 1%) react with the ionized constituents and produce 

a change in the composition of the ionosphere. For example, even 

very small concentrations of nitric oxide are easily ionized produc- 

ing nitric oxide ions and diminishing the density of the other ions. 

The measurement of the ion density is a sensitive method of deter- 

mining the presence and-density of minor constituents. Theoretical . . 

models suggest' that the composition of the ionosphere is intimately 

connected to the escape of- atomic nitrogen as well as atomic oxygen. 

Subtle changes in the composition may enhance or subdue the escape 

rate of the minor constituents. A long-lived orbiter will be able 

to determine if there are seasonal or secular changes in the composi- 

tion of the upper atmosphere and how the ionosphere responds to these 

changes. This information may be used to determine the present 

escape rate of the constituents and what their abundances must have 

been in the past. 

A Pioneer-class orbiter for upper atmosphere studies should be 

instrumented in a way similar to the Atmospheric Explorer - C,D,E 

earth satellites. On this mission, there is a complement of mass, 

ion, and optical spectrometers, density guages, and electron tempera- 

ture analyzers. The Pioneer-class spacecraft would need to have an 
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on-board rocket motor t o  lower and raise p e r i a p s i s  f o r  u se  i n  t h e  

same ope ra t iona l  manner as w i l l  be done wi th  Atmospheric Explorer. 

Entry probes are no t  recommended f o r  a d d i t i o n a l  Mars atmos- 

phe r i c  s tudies .  

on Viking 1975 t o  measure t h e  v e r t i c a l  s t r u c t u r e .  

i n g  ques t ions  concern changes i n  t h e  composition and s t r u c t u r e  of 

t h e  atmosphere. 

probes would take a l a r g e  number of i n d i v i d u a l  probes evenly spaced 

throughout t h e  Martian year. Such an approach would be p r o h i b i t i v e  

i n  both its ope ra t iona l  and resource  requirements,  while  an o r b i t e r  

makes . th i s  type of observa t ion  q u i t e  adequately.  

An- exce l l en t  set of experiments w i l l  be conducted 

The key remain- 

I n v e s t i g a t i n g  seasonal  changes wi th  atmospheric 

VI.5. Pioneer-Class Orb i t e r  - Lower Atmosphere 

The c h a r a c t e r i s t i c s  of t h e  lower atmosphere which can be  

measured o r  i n f e r r e d  from a satell i te are: temperature, s u r f a c e  

pressure ,  winds, composition ( inc luding  the v a r i a b l e  cons t i t uen t s :  

w a t e r  vapor,  ozone, d u s t ,  ice p a r t i c l e s ) ,  and c loudiness .  

we are i n t e r e s t e d  i n  dynamics, it is  t h e  t i m e  and space v a r i a t i o n s  

of t h e s e  q u a n t i t i e s  which need t o  be  measured; and it  i s  f o r  t h i s  

reason t h a t  o r b i t e r s  are t h e  only p r a c t i c a l  means f o r  measuring 

dynamical processes i n  t h e  lower atmosphere. 

Since 

The Nimbus and N O M  satell i tes and the Mariner 9 o r b i t e r  have 

amply demonstrated t h e  c a p a b i l i t y  of o r b i t e r s  t o  measure tempera- 

t u r e  v a r i a t i o n s  us ing  t h e  15 micron bands of C02 toge ther  wi th  

rad iance  i n  a t r a n s p a r e n t  "window" r eg ion  of t h e  spectrum. Both 
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b Nimbus and Mariner 9 have used t h e  IRIS spectrometer.  A l t e rna t ive  

instruments, which can a l s o  obta in  roughly equivalent  information,  

would be  s p e c t r a l  channel instruments  l i ke  t h e  SIRS, now flown on 

- -NOM satellites, o r  t h e  Se lec t ive  Chopper Radiometer (SCR) flown on 

Nimbus satell i tes.  Al t e rna t ive ly  t h e  Limb Scanning Radiometer now 

scheduled f o r  Nimbus G could be used. This  device would have t h e  

advantage of providing improved v e r t i c a l  r e s o l u t i o n  compared t o  t h e  

o t h e r  instruments ,  and would a l s o  provide d a t a  t o  higher  levels 

(up t o  80 km o r  so). 

specific channels  and could thus func t ion  a t  a much lower d a t a  rate 

than t h e  IRIS. This  could b e  a d i s t i n c t  advantage f o r  a long-lived 

The la t ter  t h r e e  instruments  record d a t a  i n  

iniss-ibn a t '  r e l a t i y e l y .  low c o s t .  

Sur face  p re s su re  can a l s o  be obtained from thermal i n f r a r e d  

spectra as w e l l  as by r a d i o  occul ta t ion .  Accuracies of t h e  thermal 

i n f r a r e d  technique us ing  IRIS a r e  about  10-20%, while  t h e  accuracy 

of t h e  o c c u l t a t i o n  measurement is  a l i t t l e  b e t t e r .  

t o  infer synopt ic  and d i u r n a l  meteorological  v a r i a t i o n s  are about 

1%, l a t i t u d e  v a r i a t i o n s  about 2%, and seasonal  v a r i a t i o n s  i n  mass 

about  3%. 

Accuracies needed 

The most promising p o s s i b i l i t y  appea r s  t o  be measurement 

i n  a near  i n f r a r e d  band of C02 u t i l i z i n g  r e f l e c t e d  s o l a r  r a d i a t i o n .  

Using a weak band it should be poss ib l e  t o  ob ta in  s u f f i c i e n t  accuracy 

t o  s o r t  ou t  seasonal  v a r i a t i o n s  i n  mass wi th  a r e l a t i v e l y  s imple 

device .  

Wind d i s t r i b u t i o n s  can be  i n f e r r e d  from t h e  three-dimensional 

d i s t r i b u t i o n  of pressure  va r i a t ions .  The la t ter  can be  obtained 
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from t h e  temperature and su r face  pressure  f i e l d s  i f  t h e  s p a t i a l  

v a r i a t i o n s  i n  p re s su re  on a cons tan t  geopotent ia l  s u r f a c e  have been 

resolved. 

adequate  f o r  t h i s  purpose, wind d i s t r i b u t i o n s  can be i n f e r r e d  wi th  

accep tab le  confidence us ing  models incorpora t ing  temperature da t a  

Even i f  t h e  r e s o l u t i o n  of p re s su re  measurements is  not 

- 

a lone ,  provided t h a t  t h e r e  is Buff ic ien t  t i m e  and space coverage. 

This  is t r u e ,  in p r i n c i p l e ,  on any p l ane t ;  but i t  i s  a r e l a t i v e l y  

s t ra ight forward  problem on Mars because of t h e  s i m i l a r i t y  of t h e  

important C o r i o l i s  f o r c e  t o  that of t h e  e a r t h .  

Ozone v a r i a t i o n s  can be i n f e r r e d  from measurements i n  t h e  near  

u l t r a - v i o l e t ;  they  can a l s o  probably be i n f e r r e d  from limb-measure- 

ments i n  t h e  9.611 i n f r a r e d  band. I f  t h e  latter misurement  proves 

f e a s i b l e ,  vertical o'zone s t r u c t u r e  could probably a l so  be  obtained 

us ing  t h i s  type of information. 

be  measured i n  t h e  thermal i n f r a r e d  using IRIS, or i n  the near i n f r a -  

r ed ,  u s ing  MAWD. 

Water vapor  concent ra t ion  can a l s o  

It can a l s o  be measured by us ing  t h e  a d d i t i o n a l  

- L .  

channels  of the Limb Scanning Radiometer mentioned previously.  The 

s p e c t r a l  s i g n a t u r e  of ice clouds w a s  c l e a r l y  i d e n t i f i e d  by t h e  

Mariner IRIS, and could probably be de tec ted  a l s o  by us ing  a d d i t i o n a l  

dedicated channels in t h e  thermal I R  or nea r  I R .  Airborne dus t  can 

be i d e n t i f i e d  by near I R  s p e c t r a l  measurements. 
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CHARACTERISTICS OF MARS MISSION OPTIONS 

A 1.1. Pioneer Long L i f e  Orbi te r  

a. Ob j ec tives 

TT".. sz i=expenri~e In r ig - l i f e  spacecraft i n  o r b i t  around 

Mars t o  observe t h e  atmosphere and su r face  by remote sensing.  

b. Mission Descr ip t ion  

A s i n g l e  spacec ra f t  w i l l  be launched by an AtlaslCentaur  

launch vehicle during t h e  1979 or  1981 launch per iod.  It w i l l  f l y  

t o  Mars on a type  I1 t r a j e c t o r y  and perform two o r  t h r e e  midcourse 

t r a j e c t o r y  co r rec t ions  enroute .  A t  c l o s e s t  approach t o  Mars, t h e  

spacec ra f t  w i l l  b e  i n s e r t e d  i n t o  o r b i t  by a s o l i d  p rope l l an t  r e t r o -  

rocket. 

co=f=m t o  nl r -I--- ane+arv --- J quarantine requirements.  

The i n i t i a l  p e r i a p s i s  a l t i t u d e  w i l l  be  about 1000 km t o  

The o r b i t  per iod w i l l  

be 12 to 24 hours. During each o r b i t ,  most of the d a t a  w i l l  be 

c o l l e c t e d  near p e r i a p s i s ,  s tored ,  and t r ansmi t t ed  t o  e a r t h  later i n  

the o r b i t .  The nominal spacecraf t  l i f e  xi11 be one Martian year .  

c. Science Payload 

The science payload may be based on t h e  instruments  flown 

i n  t h e  Pioneer Venus o r b i t e r ,  o r  w i l l  i nco rpora t e  some of t h e  in s t ru -  

ments discussed i n  Sect ion V I .  Table AI-1 i s  a model payload f o r  

t h e  Pioneer Venus o r b i t e r  mission. Other instruments  which might 

be included i n  a Mars o r b i t e r  payload inc lude  a spin-scan TV camera 

and near  i n f r a r e d  and thermal in f r a red  spectrometers .  
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Table AI-1 

c 

ExPerl men t 

So1 a r  wlndlionosphem . 
I n  t e  r r c t l  on - 

kronoqy (compos1 t ion, 
photochemlrtry, a l r g l w )  

Atmosphere (thermal 
structure, loner atmos- 
phere dens1 ty) . 

Surface (topography, 
r e f l e c t l v f  ty, roughness) 

Ins t r u m n t  

Magnetome terl 

Solar wind and photo- 
electron analyzer 

Electron and ion  
telrperature probe 

Neutral mass spectrometer 

Ion mass spectrometer 

UV spectrometer/ 
photometer 

IR radiometer 

Dual frequency occul ta t lo r  
(add. X-band)Z 

Radar a1 timeter’ 

5 .o 44 150 

3.0 14 - 
f I 

d l  stance) 

1 Including 2- t o  3-m boom. 

2 Associated w l t h  the  telecomnunlcatlon subsystem (S-band). 

A dedicated antenna Is preferred to’ one shared wlth the comnunlcatlons 
syt tem. 

Must be 14 w I f  a horizon scanner I s  used. 

To sa t l s f y  payload requirements on power and data ratesr  a p r o g r  duty 
qc l t  w i  11 be ‘necessary. 
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d .  Spacecraf t  C h a r a c t e r i s t i c s  

The Pioneer-long life. o r b i t e r  w i l l  be  der ived  from the  

It w i l l  be s p i n  s t a b i l i z e d . a n d  u s e  s o l a r  Pioneer  Venus o r b i t e r .  

c e l l s  t o  provide power. It w i l l  c r u i s e  and o r b i t  with t h e  sp in  

axis perpendicular  t o  t h e  e c l i p t i c  plane.  The sc ience  instruments  

w i l l  weigh about 40 kg and use about 30 w a t t s  of power. Science 

d a t a  may be t ransmi t ted  t o  Earth i n  real t i m e  o r  s to red  f o r  l a t e r  

t ransmiss ion  t o  Ear th  a t  a lower b i t  ra te .  Data from s e v e r a l  i n s t ru -  

ments may b e  combined by s e l e c t i n g  one of several d a t a  formats.  

Data a c q u i s i t i o n  may be  cont ro l led  by real t i m e  comnands o r  by 

a c t i v a t i o n  of s tored  command sequences. Data t ransmission t o  Earth 

w i l l  u s e  an S-band r a d i o  l i n k  which inc ludes  a deyspun high gain 

antenna. Data rates w i i l  be iOO-2OOO bits per s.ecoiid. 
. e  

. .  

e. Spacecraf t  Configurat ion 

The spacec ra f t  body w i l l  be  a cy l inde r  w i th  t h e  s o l i d  

p r o p e l l a n t  r e t r o  motor mounted on t h e  bottom and t h e  h igh  ga in  

communications antenna mounted on the  top. It will have solar 

cel ls  a t tached  t o  t h e  ou t s ide .  Science i n s t r u m a t s  w i l l  be mounted 

on an open she l f  t o  provide views along t h e  s p i n  axis,  normal t o  t h e  

s p i n  axis, along t h e  v e l o c i t y  vec to r ,  o r  normal t o  t h e  v e l o c i t y  

v e c t o r .  

- 

Instruments may be  mounted on gimbals t o  a l low moving t h e i r  

f i e l d s  of view. 

A 1.2. Mars Orbi t ing  S c i e n t i f i c  S t a t i o n  (MOSS) Mission 

a. Object ives  

The ob jec t ives  of t h i s  mission are t o  ga ther  new sc ience  

informat ion  us ing  a long- l i f e  o r b i t e r  t h a t  emphasizes temporal 
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observat ions and measurements of t h e  atmosphere/surface i n t e r a c t i o n s ,  

t h e  evolut ionary n a t u r e  of t h e  p l ane t ,  d e t a i l s  of s p e c i f i c  su r face  

f e a t u r e s  and an  expansion of t h e  geosciences.  

b. Mission Descr ip t ion  

The mission would be  launched i n  t h e  l a t e  1970's o r  e a r l y  

1980's time per iod;  1977, 1979, 1981 o r  1983/84 oppor tun i t i e s .  The 

o r b i t e r  would be designed f o r  opera t ion  i n  a near-polar ,  e l l . i p t i c a 1  

o r b i t  f o r  2 Martian years .  The 12-hour per iod ,  700 km per iaps is -  

a t t i t u d e  o r b i t  w i l l  migra te  over t h e  f u l l  range of l a t i t u d e s  during 

t h e  l i f e t i m e ,  a l lowing high-resolut ion coverage of any spot  on t h e  

p lane t .  

s m a l l  number 6f I n v e s t i g a t o r s  would be  s e l e c t e d  and dedicated t o  t h e  

e n t i r e  p ro jec t  and many v i s i t i n g  experimenters would take p a r t  i n  

t h e  mlssion on a l imi t ed  t i m e  bas i s .  An a t t rac t ive  add i t ion  t o  t h e  

mission is  t h e  i n c l u s i o n  of a small Apollo-type s u b s a t e l l i t e  f o r  

low a l t i t u d e  p a r t i c l e s  and f i e l d s  mapping. 

An observatory approach t o  sc i ence  is considered i n  that a 

c. Science Payload 

The paylozd on t h e  MOSS would c o n s i s t  of t e l e v i s i o n  cameras 

c a p a j l e  of both synopt ic  and high-resolut ion coverage, geophysical 

and geochemical instruments ,  and spectrometers  capable  of measuring 

atmospheric tempersture  p r o f i l e s ,  atmospheric w a t e r  vapor and ozone 

d i s t r i b u t i o n  and s u r f a c e  temperatures.  

might cons i s t  of a y-ray spectrometer ,  magnetometer, doppler g rav i ty  

and r ada r  altimeter. 

The s u b s a t e l l i t e  payload 

' ,  

L 

4 ,  
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d. Spacecraft Characteristics 

The MOSS spacecraft makes extensive use of technology 

development for the Viking and Mariner programs to enhance system 

capability and reliability and to minimize cost. 

mass is 1100 kg. The MOSS propulsion subsystem will provide a 

velocity change capability of about 1525 m/sec for this separar-ed 

mass. Other features of the MOSS spacecraft include a two-degrze- 

of-freedom, steerable high-gain antenna, an X-band transmitter that 

permits transmission df  real-time television pictures from ,"lars, 

and a scan platform with increased viewing envelope to p r o v i d e  

greater selectivity of science targets throughout tho mission. 

The spacecraft 

The subsatellite is spin stabilized, has direct-to-Earth com- 

munications, is solar powered and has a small propulsion system for 

orbital changes. It weighs about 50 kg. 

e. Spacecraft Configuration 

The XOSS configuration is shown in a pre-launch mode in 

Fig. A 1-1. 

A 1.3. Viking Long Life Orbiter 

a. Objectives - 

The objective of the mission is to gather new science 

information using a long life orbiter that emphasizes temporal 

observations and measurements of the atmosphere/surface interactions, 

the evolutionary nature of the planet and details of specific surface 

features. 



A 1-5 

b. Mission Descr ip t ion  

The mission would be an  i n t e g r a l  p a r t  of t h e  Viking 79 

m i s s i o n .  This mission provides the c a p a b i l i t y  of adding s u f f i c i e n t  

a t t i t u d e  con t ro l  f u e l  t o  t h e  Viking o r b i t e r  t o  surv ive  f o r  one Martian 
- 

year  i n  a near po la r ,  e l i p t i c a l  o r b i t  w i th  a per iod of 24 hours. 

During t h i s  t i m e  t h e  per iapse  w i l l  migrate  over a l a t i t u d e  range of 

90 degrees ,  a l lowing high-resolut ion coverage of one hemisphere. 

The observatory approach taken i n  t h e  MOSS mission discussed pre- 

v ious ly  could a l s o  be employed here .  

c. Science Payload 

The sc ience  payload would be t h e  same as Viking 75 wi th  t h e  

p o s s i b l e  add i t ion  of one instrument in t h e  geoscience area. 

d. Spacecraf t  Characteristics 

The spacecraf t  i s  the same as t h e  Viking 75 o r b i t e r  and 

nay make use of s p a r e  7 5  hardware. 

e. Spacecraf t  Configuration 

,The spacec ra f t  is t h e  same as t h e  Viking 75 o r b i t e r .  

A 1 .4 .  Pioneer Mars Survivable Hard Lander Mission (CSAD) 

a .  Objectives 

The ob jec t ive  is t o  ob ta in  d a t a  on Martian p a r t i c l e s  and 

f i e l d s ,  atmospheric p r o p e r t i e s  and s u r f a c e  composition. 

b. Mission Descr ip t ion  

This mfssion would be flown dur ing  mid-1980's and i t s  

sc i ence  would be t a i l o r e d  t o  conduct spec ia l i zed  i n v e s t i g a t i o n s  a t  

p a r t i c u l a r  l o c a t i o n s  on Mars. The mission concept involves  i n s e r t i n g  

r ,  

. I  
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t h e  o r b i t e r / l a n d e r  i n t o  Mars o r b i t ,  and sepa ra t ing  t h e  lander  which 

descends t o  t h e  s u r f a c e  v ia  a parachute  and su rv ives  t h e  s u r f a c e  

impact . 
c. Science Payload 

Science on-board the o r b i t e r  would c o c s i s t  of p a r t i c l e s  

and f i e l d s  experimenrs; and t h e  l ander  would be equipped wi th  

temperature,  p re s su re  and composition ins t rumenta t ion  f o r  measure- 

ments during descent .  On t h e  s u r f a c e  t h e  lander  would be equipped 

f o r  s u r f a c e  composition, meteorological  and se i smologica l  measure- 

ments. Payload on thj3 o r b i t e r  is not  mass-constrained and t h e  

l ande r  payload mass is  approximately 30 kg. 

d. Spacecraf t  C h a r a c t e r i s t i c s  

Design of t h e  b u s l o r b i t e r  i s  based on t h e  Pioneer Venus 

spacec ra f t ,  and t h e  surv ivable  hard-lander is der ived  from t h e  CSAD. 

The l ande r  is enshrouded i n  impact material and i s  designed t o  ope ra t e  

on t h e  s u r f a c e  f o r  s e v e r a l  days. It is b a t t e r y  powered and telemeters 

d a t a  t o  t h e  o r b i t i n g  spacecraf t  v i a  a r e l a y  l i n k .  

mass of t h e  spacec ra f t  and probe is  approximately 490 kg, which 

inc ludes  190 kg f o r  t h e  hard lander  and a AV c a p a b i l i t y  - of 1500 mps 

on-board the  o r b i t e r .  

o r b i t  f o r  most oppor tun i t i e s .  

To ta l  i n j e c t e d  

T h i s  AV i s  s u f f i c i e n t  to- achieve a 24 h r  

The s t a b l e  of launch veh ic l e s  a v a i l -  

a b l e  are adequate  f o r  a l l  Mars oppor tun i t i e s .  

e. Spacecraf t  Configuration 

The CSAD lander  is shown i n  Fig.  A 1-2. 
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A 1.5. Penetrometer Probes 

a. Objectives 

The ob jec t ive  of t h i s  mission class is t o  provide r e l a t i v e l y  

spec ia l ized  information over a b r i e f  period of time i n  t h e  geologi- - 
tal and atmospheric sc iences .  

b. Mission Descr ip t ion  

Such missions would probably not  be  undertaken u n t i l  t h e  

period of t h e  1980's, and would be used t o  ga ther  d a t a  i n  answer t o  

s p e c i f i c  quest ions a t  a number of p o i n t s  on t h e  Martian surface.  

Severa l  probes would be t ranspor ted  t o  Mars by a Pioneer class o r b i t e r  

or bus. There are several mission opt ions:  a )  They could be deployed ' 

f o r  e n t r y  e i t h e r  i n  t h e  d i r e c t  o r  out-of-orbit e n t r y  modes, decel-  

lerate aerodynamically t o  impact v e l o c i t i e s  of several hundred 

ne te r s / sec ,  impact and pene t r a t e  three t o  f i v e  meters wi th  t h e  sub- 

s o i l  probe ( leaving  t h e  communications and s u r f a c e  instrument package 

on t h e  sur face) ,  b) They could be  c a r r i e d  on a l a r g e  hard lander  and 

deployed from an a l t i t u d e  of about 2000 meters, reducing t h e  impact 

v e l o c i t y ,  a l l  o ther  opera t ions  being t h e  same a s  (a ) .  Because of 

b a t t e r y  lifetime problems these missions would b e  l imi t ed  t o  a l i fe-  

time of two o r  three days. 

take impacts would a l low t h e  p o s s i b i l i t y  of long l i f e t i m e s  but  would 

probably cause t h e  mass of t h e  penetrometer t o  inc rease  s i g n i f i c a n t l y .  

The development of hardened RTG's t o  

c. Science Payload 

The l a r g e  independent penetrometer might carry an e n t r y  

sc ience  payload cons i s t ing  of s t agna t ion  p res su re ,  accelerometer 
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Y t r i a d ,  mass spectrometer ,  a l t i t u d e  r a d a r ,  and impact accelerometer 

and a landed payload cons i s t ing  of a f a c s i m i l e  camera ( 2  days 

ope ra t ion ) ,  a meteorology package, and a subsur face  temperature 

probe. The sinal1 penetrometer would c a r r y  an  accelerometer ,  alm.inurn 

oxide hygrometer (humidity d e t e c t i o n ) ,  and s o i l  moisture  and s o i l  

temperature sensors .  

d .  Spacecraf t  C h a r a c t e r i s t i c s  

The spacec ra f t  c h a r a c t e r i s t i c s  of t h e  penetrometer concepts  

discussed he re  are given i n  Figures  A 1-3 and A 1-4. 

e. Spacecraf t  Configuration 

9 The penetrometer conf igura t ions  discussed he re  are shown 

schemat ica l ly  i n  Figures  A 1-3 and A 1-4. 

A 1.6.  Viking 

a. Objec t ives  

The ob jec t ives  of follow-on Viking missions are t o  cont inue 

t h e  b i o l o g i c a l ,  geologica l ,  and atmospheric s tudy of t h e  p l ane t ,  

bu i ld ing  on and r e a c t i n g  t o  the  r e s u l t s  of t h e  Viking 75 mission. 

b. Mission Descr ip t ion  

Viking follow-on missions would be flown i n  1979 o r  1 9 8 1  

(a somewhat more d i f f i c u l t  mission).  They would c o n s i s t  of two spacs- 

c r a f t  launches,  each a combined o r b i t e r / l a n d e r .  The mission mode i s  

as Viking 75 - i n j e c t  i n t o  a 2 4 . 6  hour o r b i t ,  s epa ra t e  t h e  lander  

a f t e r  landing s i te  c e r t i f i c a t i o n  by t h e  o r b i t e r  cameras, en t ry ,  

l anding ,  and s c i e n t i f i c  observa t ion  and experimentation f o r  a minimum 
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per iod  of 30 days. Independently, t h e  o r b i t e r  conducts mapping, 

geoscience,  and atmospheric s tud ie s .  

c. Science Payload 

The bas i c  lander  payload c o n s i s t s  of biology, and geo- 

sc i ence  packages which have been developed t o  react t o  Viking 75 
- 

r e s u l t s .  For instance, ,  t h e  biology package could be an in t eg ra t ed  

b io logy  instrument t h a t  bu i ld s  on a p o s i t i v e  biology f ind ing  by 

Viking 75 by beginning t o  c h a r a c t e r i z e  t h e  Martian l i f e .  

s c i e n c e  packages would r ep iace  c u r r e n t  Viking 75 inst rumentat ion as 

needed (deperiding on the 75 r e s u l t s ) .  

o r b i t e r  sc ience  payload would be  l i t t l e  changed from t h e  Viking 75 

These 

It i s  expected t h a t  t h e  

package with the poss ib l e  except ion of t h e  add i t ion  or  modif i c a t i c n  

of one instrument.  

d .  Spacecraf t  Characteristics 

The spacec ra f t  c h a r a c t e r i s t i c s  are t h e  same as Viking 75. 

e. Spacecraft Configuration 

The lander  is shown i n  F igure  A 1-5. 

A 1 .7 .  V i k i n g  P lus  Rover 

a. Objec t ives  

The ob jec t ives  of t h i s  mission are t o  cont inue  t h e  s c i e n t i f i c  

exp lo ra t ion  of Mars, bui ld ing  on and r e a c t i n g  t o  Viking 75 r e s u l t s .  

Biology, geoscience and atmcspheric s t u d i e s  w i l l  be conducted by t h e  

* I  

Y 
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lander / rover  and geoscience and atmospheric s t u d i e s  by t h e  o r b i t e r .  

New and d i f f e r e n t  landing  sites w i l l  be explored. 

b. Mission Descr ipt ion 

The inission would be launched i n  1979 .  Later opportunities 

cannot be accommodated without a major redes ign  of t h e  orbiter pro -  

puls ion  system. 

i s  t h e  same as Viking 75 .  

t o  enhance t h e  sampling c a p a b i l i t y  of t h e  lander .  

be  te thered  t o  t h e  lander  by umbi l ica l  or f r e e  ranging. S tudies  

are underway t o  d e f i n e  t h e  maximu= c a p a b i l i t y  rover  which Viking 

can d e l i v e r  and t o  d e f i n e  the s y s t e m  which b e s t  augment t h e  Viking 

o r b i t e r l l a n d e r  s c i ence  systems. 

The mission sequence from launch through landing 

After  landing a s m a l l  rover  i s  deployed 

The rover  could 

Missicn ope ra t ions  would cont inue 

f o r  a minimum cf 30 days. 

t i o n s  t h e  rover ,  i f  f r e e  ranging, could be  sent on an  exp lo ra t ion  

A t  t h e  end of t h e  nominal mission opera- 

mission l imi t ed  i n  d i s t a n c e  only by i t s  communication and power 

c a p a b i l i t y .  

c. Science Payload 

The sc i ence  payload i s  t h e  same as t h a t  discussed f o r  t h e  

Viking fo l low on mission with the except ion t h a t  some sc i ence  could 

b e  placed on the  rove r ,  depending on its s i z e  and complexity. Pos- 

- 

s i b l e  sc ience  c a p a b i l i t y  as w e l l  as rover  c h a r a c t e r i s t i c s  are shown 

i n  Table A 1-2. 

d. Spacecraf t  Cha rac t e r i s t i c s  

The lander  and o r b i t e r  are e s s e n t i a l l y  t h e  same as Viking 7 5 .  

Space i s  provided on the  top of t h e  lander  f o r  housing t h e  rover  and 
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i ts  deployment ramp (Figure A 1-6). 

90 kg are under cons idera t ion  and inc lude  t e the red ,  b a t t e r y  powered, 

and RTG powered systems. 

Rover systems masses of up t o  

e. Spacecraf t  Configuration 

The lander  and o r b i t e r  conf igu ra t ions  are t h e  same as 

Viking 75. A candida te  rover  conf igu ra t ion  i s  shown i n  Figure A 1-7.  

A 2 . 8 .  Semi-Autonomous Roving Vehicle  Mission 

a. Object ives  

The mission ob jec t ives  are t o  conduct remote in - s i tu  

b i o l o g i c a l  and geologica l  i n v e s t i g a t i o n s  during an extens ive  auto- 

mated traverse on the Martian s u r f a c e  i n  r eg ions  remote from accept- 

able landing sites. 

b. Mission Descr ip t ion  

The semi-autonomous rover would poss ib ly  be  used as a 

t o o l  in Martian exp lo ra t ion  i n  t h e  mid-1980 t i m e  period: 

1986 o r  1988. Upon embarking from t h e  i n i t i a l  landing s i te ,  t h e  

rover  would explore  in t ens ive ly  several s e l e c t e d  "major" sc i ence  

sites and conduct reconnaissance mapping d u r i n g - t r a v e l  t o  each 

si te.  

t h a t  per iod it would b e  expected t o  travel approximately 1000 km. 

The Shut t le /Centaur  launch veh ic l e  provides  adequate c a p a b i l i t y  

dur ing  the designated launch period. 

1983/84, 

The des ign  l i f e t h e  of the rover  would b e  1 year  and over 



A 1-13 

c.  Science Payload 

The sc ience  payload would c o n s i s t  of imaging sensors ,  

biology, molecular ana lys i s ,  meteorology and seismometry experiments; 

i t  could be very s i in i la r  t o  t h e  payload on t h e  Viking lander .  

payload possibly would be augmented wi th  small, independent seismic 

o r  meteorological  packages deployed by t h e  rover  a t  pre-determined 

loca t ions .  

The - 

Payload weight range would be 50-70 kg. 

d. Spacecraft  Characteristics 

The veh ic l e  is  charac te r ized  as a six-wheel, three-compartment 

a r t i c u l a t e h  vehicle, weighing approximately 500-600 kg and powered by 

RTG's. In view of the roundt r ip  l i g h t  t ime delay between Earth-Mars' 

(8 min .  minimum t o  46 m i n .  maximum), t h e  l imi t ed  communication v i s i b i l -  

i t y  and sun e l eva t ion  angles ,  t h e  v e h i c l e  design is  capable of perforro- 

ing  many func t ions  on-board, thus  e l imina t ing  t h e  need t o  communicate 

each opera t ion  through Earth. 

forms the necessary computations, makes t h e  dec is ion  and executes  t h e  

events  in t h e i r  proper sequence. 

An on-board computer and sequencer per- 

This  spacec ra f t  would not  have a 

development predecessor . 
e. Spacecraft  Configuration 

The rover  conf igura t ion  is  shown i n  Fig.  A 1-8. 

A 1.9. Mars Surface Sample Return Mission 

a. Objectives 

The ob jec t ives  of t h i s  mission would be  t o  land on t h e  

Martian sur face ,  gather  a sample of t h e  s o i l  and poss ib ly  t h e  

. I  i 

* ,  
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atmosphere, c o n t r o l  t h e  environment of t h e  sample during t r a n s i t  t o  

e a r t h  and ensure s a f e  recovery (avoiding back contamination) a t  

e a r t h .  

b. Mission Descr ip t ion  

The p o t e n t i a l  time frame would be i n  t h e  l a t e  1970's or 

e a r l y  1980's;  t h e  1939 opportuni ty  would be  t h e  earliest followed by 

t h e  1981 and 1983/84 oppor tuni t ies .  This mission can be flown i n  

several d i f f e r e n t  modes: (a) t h e  lander  and e a r t h  r e t u r n  system can 

be d i r e c t  e n t r y  and d i r e c t  r e t u r n ,  o r  out-of-orbit  e n t r y  and d i r e c t  

r e t u r n  and (b) t h e  l ande r  can be de l ivered  by a Mars o r b i t e r  which 

subsequent ly  performs a rendezvous with t h e  ascent system carried 

down by t h e  lander .  

i s  made: 

Other opt ions exist a t  e a r t h  where sample recovery 

d i r e c t  e n t r y  a t  e a r t h  o r  o r b i t a l  e n t r y  and recovery by t h e  

Shu t t l e .  A s i n g l e  launch of a T i t an  111 E/Centaur can i n j e c t  adequate 

payload f o r  most opt ions.  Mission l i f e t i m e  approaches 3 years .  

c. Science Payload 

The b a s i c  payload c o n s i s t s  only of t h e  sample a c q u i s i t i o n ,  

t r anspor t e r /p rocesso r ,  loader  and t h e  sample c a n n i s t e r  assembly. 

Weight is about 65 kg, based on a proposed sample of 200 gms. - 
d.  Spacecraf t  Characteristics 

Implementation of t h i s  mission r e q u i r e s  the development of 

t h e  fol lowing spacec ra f t :  (a) lander  d e l i v e r y  spacec ra f t ,  which could 

be  a f lyby  o r  o r b i t e r ;  t h a t  is ,  a Mariner d e r i v a t i v e ;  (b) lander  which 

i s  a Viking d e r i v a t i v e ;  (c) dual-stage a scen t  system, a new development; 

(d) e a r t h  r e t u r n  vehicle, an  I n t e l s a t  and Pioneer d e r i v a t i v e  and (e) 
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an e a r t h  o r b i t i n g  capsule  o r  a d i r e c t  e n t r y  capsule ,  both new develop- 

ments. The des ign  philosophy adopted for t h i s  mission is one of maxi- 

mum u t i l i z a t i o n  of e x i s t i n g  systems and minimum c a p a b i l i t y  required t o  

r e t u r n  the sample. - T o t a l  i n j ec t ed  mass (outbound) f o r  t h i s  mission i s  

approximately 3200 kg. 
- 

e. Spacecraf t  Conflgurat ion 

A ske tch  of t h e  lander  conf igura t ion  with t h e  enshrouded 

zscent  a d  e a r t h  r e t u r n  v e h i c l e  i s  shown i n  Fig.  A 1-9. 

A 1.10. S a t e l l i t e  Missions 

a. Object ives  

The ob jec t ives  of sa te l l i te  lander  roissions are t o  perform 

s t u d i e s  of Phobos and Deimos; t o  c h a r a c t e r i z e  t h e s e  bodies  i n  terms 

of t h e i r  o r i g i n  and geologica l  evolut ion.  

b. Mission Descr ip t ion  

A v a r i e t y  of missions can be flown t o  Phobos and Deimos - 
o r b i t e r ,  lander ,  combined Viking Lander-Sa te l l i t e  Orb i t e r  o r  Lander, 

and satellite sample r e tu rn .  

Viking d e r i v a t i v e  systems. Orbi te r  missions c o n s i s t  of br inging  a 

Viking o r b i t e r  i n t o  station-keeping p o s i t i o n  wi th  t h e  sa tel l i te  t o  

perform imaging and o ther  experiments. 

of rendezvous and docking wi th  t h e  satell i te by a Viking o r b i t e r  

equipped with landing  l e g s  and appropr i a t e  s c i ence  instrument  modifi- 

ca t ions .  

l ander  f o r  r e t u r n  of t h e  sample t o  Ear th  by a d i r e c t  e n t r y  and landing 

mode. 

All missions can be accomplished by 

Lander miss ions  c o n s i s t  

Sample r e t u r n  missions add an Ea r th  r e t u r n  module t o  t h e  

This mission would use  t h e  s a m e  Ear th  e n t r y  vehicle and Earth 

- 4  

. -  
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I 

r e t u r n  v e h i c l e  as the Mars sample  r e t u r n  mission. Thus t h e  s a t e l l i t e  

sample r e t u r n  mission could serve  as a t-est of two of t h e  c r i t i c a l  

elements of t h e  Mars sample r e t u r n  (and he lp  amor t ize  t h e  c o s t ) .  

c. Science Payload 

Orb i t e r  - Visible and I R  spectrometry,  X-ray f luorescence ,  

gamma-ray spectrometer ,  and TV camera. 

Lander - X-ray d i f f r a c t i o n ,  o p t i c a l  microscopy, a lpha  

backsca t t e r ,  X-ray f luorescence,  gamma-ray spectrometer ,  and f acs imi l e  

camera. 

Cmbined Viking lander  and satell i te.  Orb i t e r  o r  lander  - Same 

as  Viking 79 f o r  t h e  Mars lander  and the same as t h e  o r b i t e r  o r  lander  

above depending on which mote i s  chosen. 

Sample r e t u r n  - The sc ience  payload would b e  t h e  s a m e  as t h e  

lander above i n  a d d i t i o n  t o  the  r e tu rned  sample. 

d. Spacecraf t  Characteristics 

Power, communications, c o m p t e r ,  etc.  would be e s s e n t i a l l y  

t h e  same as t h e  Viking o r b i t e r  f o r  t h e  satel l i te  o r b i t e r  and lander  

missions.  The sample r e t u r n  mission uses  t h e  same b a s i c  system through 

sa te l l i t e  landing  and sample a c q u i s i t i o n ,  then  uses  - p lane ta ry  explorer  

technology f o r  t h e  r e t u r n  vehic le .  

e. Spacecraf t  Configuration 

A t y p i c a l  sa te l l i te  lander  i s  given i n  Figure  A 1-10 and 

t h e  b a s e l i n e  sample r e t u r n  sequence i s  shown i n  F igure  A 1-11. 
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APPENDIX 11 

SR&T ADVANCED INSTRUMENT DEVELOPMENT 

A 11.1. Plane tary  Biology SR&T 

a. -Light S c a t t e r i n g  

A l i g h t  s c a t t e r i n g  experiment which measures increases  i n  

I numbers of organisms i n  s o l u t i o n  by o p t i c a l  methods, during incuba- 
~ 

t i o n  of s o i l  and medium i n  a s u i t a b l e  chamber, has been developed. 

This experiment underwent ex tens ive  scient i f ic  t e s t i n g  and some 

instrument  development p r i o r  t o  being dropped from t h e  Viking 1975 

biology instrument.  This experiment i s  s t i l l  a good .candidate  f o r  

l i f e  de t ec t ion ,  as w e l l  as cha rac t e r i za t ion ,  since it has the  p o t e n t i a l  

f o r  amplifying (by s t imu la t ion  of growth) b i o l o g i c a l  signals which may 

be t o o  low t o  d e t e c t  o r  analyze. 

I 

I 

I .  

. .  . .  

b. Gas Chromatography 

The gas  exchange experiment on Viking 1975 u t i l i z e s  a gas 

chromatograph f o r  d e t e c t i o n  of changes in headspace gases  during in- 

cubat ion  of s o i l  with a s u i t a b l e  medium. The GC p o r t i o n  of th i s  

instrument  forms t h e  b a s i s  f o r  an advanced GC system, independent of 

m a s s  spectrometry,  which has  been proposed f o r  a n a l y s i s  of t h e  atmos- 

phere of Venus, and which could be modified f o r  Martian appl ica t ion .  

A prel iminary des ign  f o r  t h i s  instrument ,  which u t i l i z e s  Viking 1975 

- 

r components, has  been completed; and t h e  des ign  parameters have been 

i d e n t i f i e d  and v e r i f i e d  with test d a t a  from instrument  breadboards i n  

t h e  c o n t r a c t o r ' s  l abora tory .  The system ana lyzes  unambiguously t h e  
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following gases and vapors: 

NH3, COS, H S, Q2,  and H2 a t  t h e  5-100 ppm range (except H2) i n  t h e  

presence of 95% C02. The nominal system r e q u i r e s  a two-column con- 

f i g u r a t i o n  and uses  a thermal  conduct iv i ty  d e t e c t o r .  

40, Ar, SO2, N e ,  N HC1, CO, CH4, 2 '  

2 

c. Advanced Label Release 

An advanced l a b e l  release experiment has  t h e  p o t e n t i a l  f o r  

providing a wealth of information on c h a r a c t e r i s t i c s  of a Martian 

b i o t a  by making some changes t o  t h e  b a s i c  Viking 1975 l a b e l  release 

procedure and hardware .  The con t rac to r  has  been us ing  t h i s  concept 

t o  study a v a r i e t y  of b i o l o g i c a l  responses from s o i l  'organisms in- 

c luding  s u b s t r a t e  ' s p e c i f i c i t y ,  e luc ida t ion  of metabol ic  pathways, and 

t h e  e f f e c t s  of moisture,  temperature, composition of t h e  gaseous 

atmosphere, pH and an t ime tabo l i t e s .  

shown that some of t h e s e  phenomena may be s tud ied  by mul t ip l e  a d d i t i o n  

of media t o  a s i n g l e  s o i l  sample i n  a s i n g l e  c u l t u r e  chamber. 

major modi f ica t ion  of t h e  c u r r e n t  Viking hardware des ign  would involve 

s u b s t i t u t i o n  of a m u l t i p l e  s u b s t r a t e  s t o r a g e  bank, s e l e c t o r ,  and 

s e q u e n t i a l  a p p l i c a t o r  f o r  t h e  p re sen t ly  e x i s t i n g  s i n g l e  medium add i t ion  

system. The incubat ion  chamber and C 1 4  d e t e c t o r s  would not  be changed. 

In a d d i t i o n  t o  continued t e s t i n g  of va r ious  s u b s t r a t e s  and condi t ions ,  

t h e  cont rac tor  i s  developing a r a t i o n a l e  for a s u b s t r a t e  a d d i t i o n  

series and de f in ing  an experimental sequence. Also, t h e  cu r ren t  Viking 

instrument w i l l  be examined f o r  compa t ib i l i t y  w i t h  m u l t i p l e  add i t ion  

experiments; and software and minimum hardware changes requi red  w i l l  be 

i d e n t i f i e d .  

Recent technique development has  

The 

4 
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1 column. Detect ion is by flame i o n i z a t i o n  and i d e n t i f i c a t i o n  by 

d.  Wet Chemistry f o r  Amino Acids 

A system is being developed which will i nc lude  t h e  a b i l i t y  

t o  chemical ly  extract a s o i l  sample, thus adding a 'nigh degree UE 

s p e c i f i c i t y  t o  t h e  organic a n a l y s i s  and pe rmi t t i ng  t h e  i d e n t i f i c a t i o n  

of s p e c i f i c  molecules of b io log ica l  i n t e r e s t .  A con t rac to r  is cur- 

r e n t l y  developing a semiautomated prot0typ.e instrument  f o r  a n a l y s i s  

of amino acids .  The bas i c  requirements f o r  t h i s  instrument are t h a t  

i t  b e  capable  of determining which of 27 d i f f e r e n t  amino a c i d s  are 

p resen t ,  t h e  concent ra t ion  of each a t  a minimum of 0.1 nano mole/cc 
- 

of s o i l ,  and t h e  o p t i c a l  p u r i t y  of t h e  enantiomers. The a n a l y t i c a l  

technique involves soil hydrolys is  and p u r i f i c a t i o n ,  and i s o l a t i o n  

and d e r i v i t i z a t i o n  of the amino ac ids .  The r e s u l t a n t  d ias te reo isomers  

are sepa-rated wi th  a s i n g l e ,  cap i l la ry- type ,  gas  chromatographic , 

c h a r a c t e r i s t i c  r e t e n t i o n  times. Currently,  t h e  performance capab i l i -  

t ies of t h e  pro to type  instrument are being evaluated. 

completed t o  d a t e  have demonstrated t h e  f e a s i b i l i t y  of t h i s  instrument 

wi th in  t h e  c o n s t r a i n t s  of weight, power, volume and o the r  Viking lander  

i n t e r f a c e  requirements and the means of avoiding ambigui t ies  with un- 

expected amino ac ids .  

corpora t ion  of a mass spectrometer ( the  Viking instrument) downstream 

of t h e  gas chromatographic column f o r  s p e c i f i c  molecular i d e n t i f i c a t i o n .  

The s t u d i e s  

- 

One p o s s i b i l i t y  being i n v e s t i g a t e d  i s  t h e  in- 

e. Unif ied System f o r  Biology and Chemistry 

A u n i f i e d  instrument is being designed f o r  t h e  d e t e c t i o n  and 

c h a r a c t e r i z a t i o n  of l i f e  by progressing from very  genera l  i n f e r e n t i a l  
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experiments t o  s p e c i f i c  metabolic probes. 

based on the concept of pu t t i ng  s o i l  i n t o  an enclosure and monitoring 

t h e  mass spectrum of t h e  gases above t h e  s o i l ,  a t  per iodic  i n t e r v a l s ,  

a f t e r  making add i t ion  of se lec ted  n u t r i e n t s  t o  t h e  s o i l .  

has  def ined a base l ine  system which is compatible with t h e  weight, 

dimensions, power, and thermal limits of t h e  Viking 1975 biology or  

GC-Ms instruments.  

capsules  mounted on a carousel .  Following add i t ion  of soil, each 

capsule  is sealed with a cap containing 2 breakable  ampoules f i l l e d  

with the des i red  addi t ive .  A system of con t ro l l ed  l eaks  allows t h e  

mass spectrometer t o  sample t h e  headspace gases in each capsule  a t  

se l ec t ed  times. 

pending upon the  conten ts  of t h e  ampoules, 

a minimum dis turbance experiment can be  c a r r i e d  ou t ,  and t h e  effect 

of incubat ion temperature measured; f o r  i n s t ance ,  add i t ion  of water or 

organic  subs t r a t e s  can stimulate growth and metabolism i n  t h e  sample. 

The next  s t e p  i n  the  graded approach would be t o  add s p e c i f i c  meta- 

b o l i t e s  labeled with s t a b l e  isotopes t o  i d e n t i f y  metabolic pathways 

and energy mechanisms. 

t h i s  system allows d i r e c t  chemical ana lys i s  of  t h e  s o i l  sample by 

add i t ion  of s p e c i f i c  reagents  and observat ion of the gases evolved. 

In  t h i s  way, n i t r a t e ,  n i t r i t e ,  ammonia, amino n i t rogen ,  t o t a l  carbon, 

carbonates and water can be measured. The technologies  of ampoule 

s e a l i n g  and closure have been t e s t e d .  The technologies  of n u t r i e n t  

i n j e c t i o n ,  mass spectrometry,  noble  gas pumping, s o i l  contamination 

p ro tec t ion ,  and gas sampling have been defined and a r e  now undergoing 

These experiments are a l l  

A cont rac tor  

This  system contains  11 experimental chambers or  

A wide v a r i e t y  of experiments can be performed de- 

With no add i t ions  a t  a l l ,  

F ina l ly ,  i n  add i t ion  t o  b io log ica l  r eac t ions ,  
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cons t ruc t ion  and t e s t i n g .  

f .  Sample Return 

The concept of r e tu rn ing  a sample of Martfan s o i l  t o  Ear th  

f o r  d e t a i l e d  study i n  t h e  l abora to ry  is  being s tudied .  

of back contamination and t h e  requirements f o r  bio-assay and quarant ine  

procedures are a l s o  being s tudied .  

ex t r ao rd ina ry  c a r e  must be taken before  samples are brought t o  t h e  

Ear th .  

t aken  as conclusive evidence of t h e  absence of l i f e ,  and r e tu rned  

samples must be quarant ined i n  some fa sh ion  on Ear th  o r  i n  Ear th  

o r b i t .  

The problems 

C lea r ly ,  i f  l i f e  e x i s t s  on Mars, 

Even i f  Viking does not d e t e c t  l i f e  on Mars, t h i s  cannot be 

These procedures are being s tud ied  and defined. 

g.  Other Concepts 

A number of o the r  concepts are being explored f o r  p o s s i b l e  

Mart ian app l i ca t ion ,  These include: microscopy, advanced p y r o l y t i c  

techniques,  i n  s i t u  experimentation, d e t e c t i o n  of biopolymers, e t c .  

A 11.2. Planetology SR&T 

a. Alpha X-ray 

The alpha p a r t i c l e  experiment i s  designed t o  provide  a 
- 

d e t a i l e d  chemical a n a l y s i s  of Martian su r face .  

ment u t i l i z i n g  t h e  c l a s s i c a l  alpha and proton modes has  been cons t ruc ted  

A prepro to type  i n s t r u -  

and measurements demonstrating t h e  a n a l y t i c a l  c a p a b i l i t i e s  of t h i s  

technique have been performed under simulated Martian cond i t ions .  

During t h e  l a s t  year a n  X-ray mode has been added t o  t h e  o r i g i n a l  

a lpha  par t ic le  instrument.  This mode involves  t h e  d e t e c t i o n  of X-rays 
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produced by t h e  a lpha  p a r t i c l e s  a8 w e l l  as by t h e  X-rays and y r ays  

from t h e  Cm 

X-ray de tec t ing  system with an in t r ins ic  germanium d e t e c t o r  (cooled 

242 sources. A t  p resent  a very  high r e s o l u t i o n  commercial 

wi th  l i q u i d  n i t r o g e n ) - i s  being used i n  t h e  labora tory ;  however, i t  i s  

planned t o  make measurements with a f l i g h t  type  X-ray d e t e c t i n g  system 

wi th  a Joule-Thomson coolkng system. The dimensions of t h e  head 

are 5 X 5 X 4  c m  not  inc luding  provis ions  f o r  t h e  X-ray mode. The 

important components are a set of six Cm242 a lpha  sources ,  a mechanical 

s h u t t e r ,  and two d e t e c t i n g  assemblies. Each d e t e c t o r  assembly c o n s i s t s  

of t h r e e  s o l i d  state d e t e c t o r s .  

. The alpha p a r t i c l e  technique, as implemented u n t i l  now, u t i l i z e d  

only t h e  s c a t t e r e d  a lpha  p a r t i c l e s  and t h e  pro tons  from (a,p) r e a c t i o n s .  

These are p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  de te rmina t ion  of t h e  l i g h t  

elements ( fo r  example, carbon through s i l i c o n )  where t h e  r e s o l u t i o n  is 

very  good. 

In order t o  supplement t h e  d e s i r a b l e  c h a r a c t e r i s t i c s  of t h e  

classical alpha p a r t i c l e  technique f o r  t h e  l i g h t  elements and t o  make 

a more i d e a l  a n a l y t i c a l  t o o l  f o r  remote chemical ana lyses ,  i t  w a s  

decided t o  add another  mode--the X-ray mode. Recent developments i n  

semi-conductor s o l i d  state d e t e c t o r  technology i n d i c a t e  t h a t  t h i s  is  

f e a s i b l e  f o r  t h e  next Mars missions.  

b. Sub-surface Water 

The o b j e c t i v e  of t h i s  p r o j e c t  is t o  develop ins t rumenta t ion  

t o  determine t h e  amounts and forms of water p resen t  i n  t h e  su r face  and 

subsurface s o i l  of p l ane ta ry  bodies.  The concurrent  development of 

n 
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.( 

I 

1 '  
s c i e n t i f i c  models of t h e  water balance of t h e  major p l ane ta ry  bodies 

is  a necessary p a r t  of t h i s  ob jec t ive .  

P x h g  E ?3 B scip_n_c~ hreadboard s o i l  water ana lyzer  based on 

thermal  s epa ra t ion  of soil water wi th  e f f l u e n t  g a s  analysis  w a s  

designed and f ab r i ca t ed .  The design inco rpora t e s  d i f f e r e n t i a l  thermal 

ca lo r ime t ry  t o  accomplish t h e  sepa ra t ion  and q u a n t i t a t i v e  measurements 

of t h e  water evolved and a thermal conduc t iv i ty  method of e f f l u e n t  

g a s  a n a l y s i s .  The sc i ence  breadboard i s  now undergoing performance 

tests t o  provide d a t a  needed i n  t h e  des ign  of an engineer ing bread- 

board. 

ana lyze r  w i l l  be designed and f ab r i ca t ed  i n  FY 74. 

b e  subjec ted  t o  tests us ing  simulated Martian s o i l s .  

water d e t e c t o r s  that could func t ion  as in te rchangeable  sensors  i n  

the effluent gas a n a l y s i s  w i l l  be evaluated. 

An engineer ing breadboard v e r s i o n  of t h e  e x i s t i n g  s o i l  water 

This model w i l l  

The a v a i l a b l e  

C.  X-Ray Diff rac tometer  

A d i f f r ac tomete r  designed f o r  remote a n a l y s i s  has been 

breadboarded and t e s t e d  a t  JPL. In t h e  Seeman-Bohlin geometry t h e  

source  image, t h e  powdered s a m p l e ,  and t h e  d e t e c t o r  s l i t  a l l  l i e  on 

t h e  circumference of t h e  focusing c i r c l e .  The convent ional  Seeman- 

Bohlin o p t i c s  have been modified, however, by p l ac ing  a l i n e  source 

d i r e c t l y  on t h e  focusing c i r c l e .  

e f f e c t i v e  u t i l i z a t i o n  of t h e  source. 

i t s e l f  t o  combination wi th  non-dispers ive X-ray spectroscopy f o r  

8 This arrangement provides  t h e  most 

This conf igu ra t ion  a l s o  lends 
r 

elemental  a n a l y s i s ,  i n  which t h e  source  would e i t h e r  be  t h e  same ..' 

X-ray tube used f o r  d i f f r a c t i o n  o r  a r ad io i so tope .  The most s u i t a b l e  
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d e t e c t o r  f o r  t h i s  system would be a small s i l i c o n  s o l i d  state de tec to r .  

During the  p a s t  couple  of yea r s  t h e  IIT Research I n s t i t u t e  has 

been developing a curved pos i t i on - sens i t i ve  propor t iona l  counter which 

a l lows  t h e  l o c a t i o n  i f  a s i n g l e  s t a t i o n a r y  d e t e c t o r  on t h e  circum- 

fe rence  of t h e  focusing circle. S p a t i a l  r e s o l u t i o n s  of 0.4 - 0.5 mm 

have been achieved t o  da t e .  The s i g n i f i c a n t  advantages of t h e  pos i t ion-  

s e n s i t i v e  counter are t h a t  i t  makes poss ib l e  t h e  simultaneous c o l l e c t i o n  

of t h e  entire d i f f r a c t i o n  p a t t e r n  wi th  a consequent reduct ion  in t h e  

time-power product parameter and e l imina te s  t h e  need f o r  mechanical 

movement by t h e  de t ec to r .  

degrada t ion  caused by s lan t  pa th  e f f e c t s  a t  low angle  i n  t h e  absence 

of a r ece iv ing  sl i t  and t h e  means of achieving t h e  necessary s t r e n g t h  

a d  r i g i d i t y  f o r  t h e  long anode w i r e .  

S t i l l  t o  be  resolved are t h e  extent of 

- 
d. Advanced Seismometer 

The u l t i m a t e  o b j e c t i v e  of t h i s  instrument is t o  conduct an 

experiment t o  map t h e  i n t e r n a l  s t r u c t u r e  of t h e  p l ane t  Mars: 

mine t h e  d i s t r i b u t i o n  of "Marsquakes ," and t h e  composition and s i z e  

of t h e  core .  

t o  de t e r -  

The Viking '75 seismic experiment has a r e s o l u t i o n  t o  ground 

motion of 1 mil l imicron a t  0.25 sec period and i s  adequate f o r  a 

f i r s t  sampling of  t h e  Martian seismic environment. 

instrument w i l l  r e q u i r e  ins t ruments  wi th  g r e a t e r  dynamic range and 

An advanced se i smic  

r e s o l u t i o n  and a much wider bandwidth i n  order  t h a t  s h o r t  per iod body 

waves (1 sec )  and free modes of o s c i l l a t i o n  of t h e  p l ane t  (30 min) may 

be s tud ied .  Inves t iga t ions  have been performed t o  more c l e a r l y  d e f i n e  

T 
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and eva lua te  instruments  and approaches app l i cab le  t o  t h i s  advanced 

research.  

magnitude g r e a t e r  than Viking '75 (i .e. ,  1 angstrom) and two o rde r s  

of magnitude g r e a t e r  s e n s i t i v i t y  a t  per iods  g r e a t e r  than  100 sec are 

conceived. 

Instruments  wi th  a shor t  per iod s e n s i t i v i t y  an  order  of 

I n  t h i s  phase, work will be d i r e c t e d  toward t h e  des ign  and 

cons t ruc t ion  of t h e  sensor suspensions,  posi t ion-zeroing methods and 

packaging necessary f o r  t h e  highly s t a b l e  seismometers demanded by 

the des i r ed  long per iod s e n s i t i v i t y ,  and t o  t h e  t ransducers  and 

e l e c t r o n i c s  requi red .  

e. Advanced X-Ray 

Work w i l l  be d i r e s t e d  toward improving t h e  i d e n t i f i c a t i o n  O 

of e l emen t s . i n  t h e  lower m a s s  range, decreasing weight and power 

requirements ,  and u t i l i z a t i o n  i n  an i n  s i t u  mode. 

f. Imaging Systems 

Future  exp lo ra t ion  wi th  imaging instruments  w i l l  be  aimed 

n o t  only a t  t h e  inner p l a n e t s ,  bu t  w i l l  a l s o  inc lude  t h e  ou te r  p l ane t s  

of t h e  s o l a r  system and t h e i r  satellites. 

t h e  imaging instruments  w i l l  be requi red  t o  have- l i fe t imes  ranging from 

4 t o  10 yea r s .  

broader s p e c t r a l  range w i t h  g rea t e r  s e n s i t i v i t y  and b e t t e r  photometric 

s t a b i l i t y  than  i s  achievable  with cu r ren t  instruments .  

e f f o r t  i s  intended t o  provide,  f o r  u s e  on f u t u r e  p l ane ta ry  spacec ra f t ,  

imaging instruments  capable  of meeting t h e s e  broad requirements.  

To explore  the ou te r  p l ane t s ,  

The instruments  must measure n a t u r a l  phenomena over a 

The proposed 
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A s i l i c o n  v id i con  camera w i l l  be developed t o  t h e  po in t  of 

demonstrating t h e  f e a s i b i l i t y  of adapt ing s i l i c o n  v id icons  t o  Mariner 

type  imaging instruments. 

t h e  v id icon  t a r g e t  ti -4OOC. 
of suppor t ing  t h e  v id i con  i n  not only t h e  a n t i c i p a t e d  thermal operat-  

i ng  environment, but a l s o  t h e  launch environment. Upon completion of 

t h e  demonstration of thermal and mechanical des ign  f e a s i b i l i t y ,  t h i s  

t a s k  w i l l  r e focus  on development of s o l i d  state sensor imaging i n s t r u -  

ment s . 

Included w i l l  be a des ign  capable of cool ing  

The mechanical design must be capable 

Sol id  state sensors  are becoming a v a i l a b l e  which provide i n  

add i t ion  t o  the advantages assoc ia ted  wi th  s i l i c o n  v id icons  * (increased 

' s e n s i t i v i t y , '  broader s p e c t r a l  response, longer l i f e )  poss ib l e  f u r t h e r  

. '  I 

i nc rezses  i n  s e n s i t i v i t y  coupled wi th  reduced complexity and lower 

weight. These advantages w i l l  t r a n s l a t e  i n t o  lower c o s t  f o r  imaging 

experiments. Over a several year perfod, l i n e a r ' a n d  area a r r a y  cameras 

will be developed u t i l i z i n g  t h e  most recent technology a v a i l a b l e  i n  

imaging s o l i d  state sensors .  The instruments w i l l  be s imple r  and have 

less impact on t h e  spacec ra f t  than cu r ren t  des igns  s i n c e  fewer i n t e r -  

f a c e s  w i l l  be r equ i r ed ,  and the  increased s e n s i t i v i t y  can be used t o  

r e l a x  spacec ra f t  s t a b i l i t y  requirements. 


